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\j'i\X.—The Action of Alcohol on the Sulphates of 
Sodium. 

5y Gbhald Snowden Butler and Horace Bahratt Dunn i cliff. 

The literature dealing with the solubility relationships of the 
sulphates of sodium is given by Foote (/. Ind. Eng. Chem., 1918, 
10 896), and Saxton (ibid., 897) draws certain important con- 
clusions relating to the composition, of the solid sulphates of sodium 
prepared siccording to a method by which these were washed first 
with a mixture of sulphuric acid, water, and alcohol, then with 
alcohol, and finally with ether. 

The present paper shows (1) that sodium sulphate and sodium 
hydrogen sulphate are acted on by a mixture of alcohol and 
sulphuric acid, and ( 2 ) that the washing with alcohol would decom- 
pose sodium hydrogen sulphate alone or in the presence of sodium 
sulphate, but would not decompose the compound Na 2 S 04 ,NaHS 04 , 
Saxton does not state how many times his compounds were washed 
with alcohol or ether, or if the washing was continued until the 
washings were neutral. It is shown below that, with or without 
preliminary washings with alcohol, many days’ extraction with 
ether are required completely to remove the acidity from sodium 
sulphate or hydrogen sulphate which has been treated with alcoholic 
sulphuric acid. This point appears to be of great importance in 
connexion with the results given in Saxton’s paper. 

Lunge ('‘Sulphuric Acid and Alkali,” 1909, Vol. II, Part I, 29) 
states that the compound NagH ( 804 ) 2 , observed by Thomson and 
Mitscherlich, is stable in air (see also D’Aris, Ber., 1906, 39, 
1534), that [loc. cit., p. 24) water decomposes sodium hydrogen 
sulphate into neutral sulphate and free sulphuric acid (compare 
Pascal and Ero, Bidl. Soc. chim., 1919, [iv], 25, 25), and that 
alcohol deprives powdered sodium hydrogen sulphate of all free 
acid (see also Roscoe and Schorlemmer’s “ Treatise on Chemistry,” 
1913, Vol, II, pp. 261 and 341, where a similar statement is made 
regarding potassium hydrogen sulphate). 

Pascal and Ero {loc. cit.) have studied the ternary system 
NaoS 04 -n 2 S 04 -H 20 . They state that a fused mixture of sodium 
sulphate and hydrogen sulphate is converted on cooling through 
179° into the compound Na 9 S 04 ,NaHS 04 . Further, that nitre- 
cakes having an acidity inferior to 36 per cent, of sulphuric acid, 
on cooling after the retort is tapped, .must pass through that 
temperature, and must therefore consist of a mixture of sodium 
hydrogen sulphate and the compound Na 2 S 04 ,NaHS 04 . 

VOL. CXVII. B B 
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Experimental. 

This work was undertaken as part of a research on the recovery 
of sulphuric acid from nitre-cake by means of spirits of wine (com- 
mercial ethyl alcohol). Experiments on commercial nitre cakes 
were somewhat anomalous, but showed that nitre-cake, whether drv 
or moistened with 10 per cent, of water, when washed with either 
commercial (undried) alcohol or with absolute alcohol gave a 
residue having an acidity corresponding with about 18' 7 per cent, 
of sulphuric acid, and that even in cases where the water added 
to the nitre-cake was as much as 60 per cent, of the weight of the 
cake, the residue had an acidity of about that value. 

Ill view of the statements mentioned above regarding the action 
of alcohol on sodium hydrogen sulphate, it was expected that the 
residues resulting from these experiments would be free from acul 
The fact that they invariably showed an acidity approximating to 
18-5 per cent, suggested the formation of an acid salt having an 
acidity inferior to that of sodium hydrogen sulphate. The siil)- 
sequent work wa:s undertaken with the object of elucidating this 
point. 

It is now known, as the result of this work, that exhaustive 
extraction of nitre-cake by commercial alcohol containing even 
small percentages of water leads to the progressive diminution in 
the acidity of the residue after each extraction, and finally results 
in complete extraction of the acid. The constancy of the value 
(about 18-5 per cent.) obtained in the above experiments is due to 
the fact that the residues were not washed exhaustively with 
alcohol. Washing with the alcohol was only repeated four or five 
times. The progressive extraction of nitre-cake by commercial 
spirit has been studied by the authors, and the acidity in the resi- 
due after each extraction has been determined. Eull details of 
this ])art of the work will be published in a subsequent paper on 
the commercial aspect of the subject, but the values given in 
table I will illustrate the points sufficiently for the present pur- 
pose, and will explain one of the several reasons why an investi- 
gation of the subject with pure materials was undertaken. 


Table I: 


Suctemvc Extraction of iSiire-cahe hy Moist Alcohol. 

5 cent, of Water.) 

Sulphuric 
acid. 
Per cent. 


Acidity of original cake 

Acidity of residue after 0th extraction with alcohol... 
„ „ 12th M 

„ „ 18th 


33-0 

16-4 

8-8 

1-6 
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It will be shown that pure, dry alcohol extracts acid from pure 
sodium hydrogen sulphate until the residue contains only 18-69 
per cent, (calc.: 18' 7 per cent.) of acidity as sulphuric acid, and 
that neither in the cold nor when heated has dry alcohol any 
further action on it. 

The results quoted for commercial nitre-cake were obtained 
because the solid, that is, the nitre-cake or partly extracted nitre- 
cake, was not "washed until the washings were neutral. In fact; 
the above results (table I) show that, with coniniercial spirits of 
wine, a neutral washing could not have been obtained until all the 
acidity had been extracted from the cake. 

rnjximtion. of Materials. -Sodium sulphate was ]>repared by 
neutralising a solution of pure sodium carbonate with pure 
sulphuric acid. The solution was evaporated to dryness and fused 
until neutral. 

Sodium hydrogen sulphate, prepared from the calculated quanti- 
ties of pure sodium carbonate and pure sul])huric acid, was fused 
at 200'' until no further loss was observed. The salt is hygro- 
scopic. It gave the following analysis : 

Found. 

Per cent. 

Free acid as HjSO^ 40-76 

Sodium sulphate formed on ignition 59-10 

“ SOj” as KajSOj 39-80 

“ SOj” ostimated M BaSO^ 67-60 

In ail experiments in which pure, dry sodium sul])hate of 
hydrogen sulphate was used, the sulphate was fused and poured 
into a hot agate mortar, quickly ground up as soon as solidification 
had set in, and transferred to a weighing bottle. 

Sulphuric acid (100 per cent.) was prepared by mixing calculated 
quantities of pure sulphuric acid with fuming sul])huric acid. The 
strength was 100 '38 per cent., and the concentration was reduced 
to 100 10 per cent, by exposure to a moist atmosphere, 

Ethyl Alcohol. —Vui’b absolute alcohol was left in contact with 
hme lor several days and then distilled. This operation was 
repeated until the strength of the distillate, as determined from 
its density, was 99 '80 per cent, by weight. 

‘■ikohoHc sulphuric acids were made up by mixing refined 
acohol with 100 per cent, sulphuric acid. The approximate 
- rength \vas obtained by weighing, and the actual strength was 
ermijUed by titration. Esterification takes place slowly (at 
—19'^), and at that temperature about three weeks are required 
, or equilibrium to be established. The percentage “total” acidity, 
bull evaporating a weighed portion of the alcoholic 

P uric acid to pastiness with excess of standard sodium or 
^^lum hydroxide, and then heating in an air-oven for half 

B £ 2 


Calc. 
Per cent. 
40-83 
59-18 
40-00 
67-53 
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an hour at 120°, This ensures complete decomposition of the 
ethyl hydrogen sulphate. The percentage acidity by direct titra- 
tion, h, is found by titrating a known weight of the alcoholic 
sulphuric acid with standard alkali hydroxide. The percentage 
esterification of the sulphuric acid present is given by 

rJl X 100. 

a 

These values (see figure and tables V and VI) have been care- 
fully verified. They differ considerably from those previously 
available. This work on ethyl hydrogen sulphate will be the 
subject of a subsequent paper. 

Ethyl Commercial “pure” ether was dried over calcium 

chloride, then by exposure to metallic sodium with intermittent 
shaking, and was finally distilled from sodium. 


The Action of Furty Dry Alcohol on Pure, Dry Sodmm StdphaU 
and its Crystalli/ne Hydrates. 

Alcohol has no action on neutral, anhydrous sodium sulphate. 
Sodium sulphate is sparingly soluble in dilute alcohol. 

When the sulphates Na.2SO4,10H2O and Na 2 S 04 , 7 n 20 are treated 
with dry, cold alcohol, the whole of the water of crystallisation is 
extracted and the anhydrous sulphate remains. When a super- 
saturated solution of sodium sulphate in water is treated witli 
warm alcohol (D 0-850), the heptahydrate crystallises out (Lmvel, 
Ann. Chim. Phys., 1851, [iii], 33, 334; 1857, 49, 32), 


The Action of Pure, Dry Alcohol on Pure, Dry Sodium Eydrogm 
Sulphate. 

The first experiments were carried out with ordinary absolute 
alcohol not specially dried. The dried, powdered hydrogen 
sulphate was shaken for a short time with excess of this alcohol, 
filtered, and then washed repeatedly with the same substance. 
The acidity of the residue fell rapidly to about 18' 7 per cent, oi 
sulphuric acid, the washings being strongly acid, and then mu- 
tinned to fall, but very slowly, and the washings were only faint^ 
acid. Two samples, after very exhaustive washing, contain^ 
acidities of 17-53 and 17-46 per cent, respectively, and the vayi- 
ings still showed faint acidity. The experiments were repeaW 
with specially dried alcohol prepared as described above, aa 
similar results were obtained. The acidity, as before, rapidly i7- 
to about 18*7 per cent., and then decreased very slowly, but inf ^ 
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^0 exliatistive washing reduced the acidity only to 18 07 per 
cent. 3 -^^ per cent, in duplicate samples. 

};jow, an acidity of 18-7 per cent, corresponds with that of the 
Intermediate sulphate, Na9S04,NanS04, and it was concluded that 
the rapid reduction of the acidity to approximately this value was 
due to the formation of this salt. It was further concluded that 
the reduction of the acidity below 18' 7 per cent, was due to water 
in both casas, The method of extraction on an open filter favoured 
the absorption of atmospheric moisture by the alcohol. 

Attempts to eliminate the effect of atmospheric moisture by 
carrying out the extraction in a Soxhiet apparatus produced 
similar results; prolonged extraction invariably gave a residue 
having an acidity slightly below 18'7 per cent. In this case, it was 
decided that water from another source was responsible, partly, at 
any rate, for the anomalous results. It has been shown repeatedly 
in the course of this work that ethyl hydrogen sulphate is invari- 
ably formed when alcohol acts on sodium hydrogen sulphate, and 
it follows that an equivalent quantity of water must he present as 
a result of this reaction. 

S-rNaHSOi + yEtOH - EtHSO^ + .r Na.,S04,NaHS0,j + 

n.O + (.r - 1)H.,S04 + (y - l)EtOH. 

In an extraction in a Soxhiet apparatus, this water would dilute 
the alcohol and would distil over with it, and the effect would be 
the same as that produced by the undried alcohol in the method 
of extraction by washing on a filter. Attempts were made to 
eliminate this water by placing in the flasks of the extraction 
apparatus ( 1 ) anhydrous copper sulphate, and ( 2 ) magnesium 
powder, the latter in the hope that magnesium sulphate and 
hydrogen would be formed and the production of ethyl hydrogen 
sulphate prevented. Both failed, owing to the difficulties in carry- 
ing out the extraction, caused mainly by violent bumping in the 
flask. It was finally decided that the best method of attacking 
the problem was to* allow an excess of dried alcohol to remain in 
contact with the salt for a time sufficient to permit of equilibrium 
being reached, and then to remove the liquor from the sphere of 
action as quickly as possible by washing with a neutral solvent. 
The solvent adopted was ether, dried as described above. A blank 
sxperiment, carried out by extracting some dried sodium hydrogen 
sulphate (acidity, 40*76 per cent.) with the ether in a Soxhiet 
apparatus, gave, after prolonged extraction, residues containing 
ffi o7 and 40*68 per cent, of sulphuric acid, showing that ether is 
i\*ithoiit action on the hydrogen sulphate. Dried sodium hydrogen 
inlphate was shaken continuously in a shaking machine with dried 
ilcohol for twenty-four hours, and then filtered off rapidly. The 
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residue was wrapped in clean paper and extracted in a Soxhiet 
apparatus with the dried ether until the runnings were neutral 
The residue ahtained by this method invariably had an acidity 
lying between 18'66 and 18*74 per cent, of sulphuric acid. Similaj. 
results were obtained when the hydrogen sulphate, instead of beiu® 
shaken with alcohol, was digested with it for several hours under 
a reflux condenser. 

The conclusion is that the action of dry alcohol, either hot or 
cold, on dry sodium hydrogen sulphate results in the formation of 
the intermediate sulphate, NaoSO^jNaHSO^, containing 18-7 
cent, of acidity as sulphuric acid. 

' SNaHSO^ = H^SO^ + Na.S04,NaHS04. 

Thus, dry alcohol extracts two-thirds of the acidity from sodium 
hydrogen sulphate, and the statement found in certain standard 
works (loc. cit.) that sodium hydrogen sulphate is decomposed bv 
alcohol with the formation of neutral sulphate, requires revision 
Complete extraction of the acid only takes place when the alcohol 
is contaminated with water. 

The action of alcohol on potassium hydrogen sulphate was next 
examined. The “pure ” material was fused until no further los- 
of weight could he detected. The acidity was 36*15 per cent, 
(calc.: 36*03 per cent.). Several samples were treated witli 
alcohol and extracted with ether, as in the tase of the sodium salt, 
and the acidity in the residue was estimated. Tn all the sample? 
the acidity lay hetween 35*59 and 35*84 per cent. It is thus 
evident that the decomposition of potassium hydrogen sulphate k 
dry alcohol is negligible. This result is recorded independently by 
Rorntraeger {Avnal.i Chim. Appl, 1919, 12, 1). 

The action of several other aliphatic alcohols on sodium hydrogen 
sulphate wms examined to see if their behaviour is similar to that 
of ethyl alcohol. The results are given in table II. 

Table II. 

Action of certain Aliphatic Alcohoh on Dry Sodium Ihjdfo^tw 
Sulphate. 


Alcohol. 

Boiling point 
under 610 mm. 
pressure.* 

Acidity of 
residue. 
Per cent. 

Methyl alcohol 

59-5“ 

18*68 

Ethyl alcohol 

72-5'’ 

18*68 

« -Butyl alcohol 

110-lir 

18*65 

Amy] alcohol 



18*66 


* Normal pressure at the laboratory at which the work was done. 
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fhe Ndture of the Reaction heiween Alcohol and Sodium 
Jiydrofjen Sulphate. 

During the investigation of the reaction by repeated washings 
,vith alcohol on a filter, the washing? were collected and the acidity 
ffas determined by titration. It was noticed that the acid found 
.11 the washings was always less than that which had disappeared 
'roin the salt. It was suspected that this discrepancy was due to 
he formation of ethyl hydrogen sulphate. The liquors were 
wamined for this substance, and its presence was confirmed. 

The method of analysis employed for determining in these 
ilcoholic extracts both the total acidity and the extent of con- 
'eraion into ethyl hydrogen sulphate is that described above under 
'alcoholic sulphuric acids.” 

The question then arose: Is the ethyl hydrogen sulphate formed 
13 a result of direct action between the alcohol and the hydrogen 
iilphate, or is its formation a secondary reaction between the 
ulecihol present and the sulphuric acid extracted directly from the 
livdragen sulphate? 

The solution of the problem involved an examination of the 
reaction occurring when dry alcohol and dry sulphuric acid are 
mixed in varying proportions. Tlie detailed results of this ex- 
amination will be given in a separate paper, and it is sufficient to 
state here that: 

(1) At the ordinary temperature (18° to 19°) equilihrinm 
between the product, ethyl hydrogen sulphate, and the reacting 
substances is reached very slowly, and requires about two or three 
weeks for completion. 

(2) The extent of the conversion depends on the proportions in 
which the reacting substances are present. 

The curve indicates the percentage esterification of the total 
sulphuric acid present for varying proportions of alcohol and 
sulphuric acid after equilibrium has been attained. 

The answer to the question proposed was found by a comparison 
of results obtained with acid alcoholic liquids prepared from sodium 
hydrogen sulphate with the values on the above curve. 

Since the action represented by the equation 

H,S0,-i-E10H EtHS04 + H,0 
takes some time to reach equilibrium, it follows that, if the presence 
of ethyl hydrogen sulphate in the liquor prepared from sodium 
hydrogen sulphate is due to this reaction, the examination of such 
liquors immediately after the substances have been shaken together 
should show percentage conversion lower than those on the above 
•^urve. If^ on the other hand, the ethyl hydrogen sulphate is pro- 



666 


BUTLER AND DUNNIOLIFE 1 THE ACTION OF 


duced as a result of direct action between the alcohol and tte 
hydrogen sulphate, the value should lie either on its ciirve or above 
it, according as the reaction EtHS04-fH20 — EtOH + H^SO 
reaches equilibrium quickly or slowly. (The velocity of this reac^ 
tion was not studied quantitatively during this work, but it has 
been observed that the hydrolysis takes place slowly.) Quantise? 


Percentage of ethyl alcohol. 




1 

I 


tS 

1 





Percentage of sulphuric acid. 
Esterification of alcoholic sulphuric acids. 



of sodium hydrogen sulphate and alcohol in varying proportioi^s 
were shaken for twenty-four hours and filtered. Table III (p. 65 ’} 
shows the degree of conversion of the sulphuric acid in the filtrate 
into ethyl hydrogen sulphate. 

The values in the fifth column lie far below thc^e on the curve, 
and it appears, therefore, that the formation of ethyl hydrogen 
sulphate is a secondary reaction between alcohol and sulphuric 
acid, the latter being produced as the result of a primary reaction 
between alcohol and hydrogen sulphate. It has not been found 
possible to ascertain the precise nature of this primary reaction. 

Experiments were performed in order to ascertain whether the 
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Table III. 


Sodium 


Acidity of filtrate as 
percentage of sulphuric 


Acid ex- 

Ethyl 

alcohol. 

acid. 



tracted. 
Theory =! 
2-72 grams i 

hydrogen 

sulphate. 

By direct 


Esterifica* 

tion. 

Grams. 

Grams. 

titration. 

Total. 

Per cent. 

Grams. 

10 

12 

18-12 

18-31 

2-07 

2-69 

10 

12 

18-44 

18-73 

3-10 

2-77 

10 

18 

12-90 

13-10 

3-05 

2-71 

10 

21 

10-99 

11-30 

5-48 

2-68 

10 

24 

9-70 

9-98 

5-61 

2-66 

10 

24 

9-74 

10-04 

5-97 

2-68 

process of 

extraction of the acid 

is practically instantaneous or 


whether it takes some time. The results are shown in table lY, 
from which it will be seen that the extraction is rapid, but not 
instantaneous. Powdered sodium hydrogen sulphate was vigor- 
ously shaken with alcohol for the time shown in the third column. 
As the time of shaking increased, the mixture became more viscous. 
The actual time allowed for filtration is shown in the fourth 
column. The total quantity of acid extracted from the 5 grains 
of hydrogen sulphate was calculated from the acidity of the filtrate. 
The tests, although not of a high degree of accuracy, are sufficiently 
conclusive to give the desired information. 


Table IV. 


3stimation of the Hate of Extraction of Sulphuric Acid from 
Sodium Hydrogen Sulphate hij means of Alcohol. 


Time dur- 


Sodium 


ing which 

Time 


hydro- 


the mix- 

allowed 


gen sul- 


ture was 

for filtra- 

Weight of 

phate. 

Alcohol. 

shaken. 

tion. 

filtrate, 

Grams, 

Grams. 

Minutes. 

Minutes. 

Grams. 

0 

14-1 

1-0 

0-75 

6-097 

5 

14-0 

2-0 

1-0 

2-925 

5 

14-0 

4-0 

2-0 

2-188 

5 

14-0 

8-0 

3-0 

1-981 


Weight of 
Percent- acid actu- 
ago of ally re- 

acid in covered, 

filtrate. Grams. 
Theory Theory 
8-8. 1-36. 

507 0-75 

6-97 1-06 

8-02 1-22 

/8'27 1‘24 

\8-39 1-28 


The maximum amount of extraction shown in this table amounts 
to 94T per cent, of that theoretically possible. From the last 
column of table III, it will be seen that when the extraction is 
continued for twenty -four hours, the acid extracted from the sodium 
hydrogen sulphate agrees with that demanded by theory, assuming 
the quantitative conversion of the sodium hydrogen sulphate into 
the compound Na 2 S 04 ,NaHS 04 . Subsequent investigation showed 
that extraction for two hours is more than sufficient to ensure the 
completion of this reaction. 

B B* 
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The Action of AlcohoUc Sulphuric Acid on PurCy Pry Sodium 
Sul f hate. 

Powdered sodium sulphate was mixed with more than twice its 
weight of alcoholic sulphuric acid, shaken for seventy-two hourj 
and then filtered off. The acid in the filtrate was determined as ia 
the alcoholic sulphuric acids. The salt wae quickly removed from 
the filter, wrapped in clean paper, and extracted by means of ether 
in a Soxhlet apparatus until the runnings were neutral. Dnrijjt, 
the shaking, all mixtures become more or less gelatinous. The 
time during which the extraction lasted is given in the second 
column of table V. The figure in brackets indicates the numhfir 
of hours of that lime during which the continuous extraction in 
the Soxhlet apparatus was proceeding. For the rest of the time 
the substance was lying immersed in the ether. The times oulv 
give an approximate idea of the time taken for extraction, a? 
owing to the difficulty of judging the end-point, it is probable that 
some samples were left exposed to the action of the ether longer 
than was absolutely necessary. The two results shown under 
Nos. 6 and 7 in table V illustrate the considerable length of time 
required in these cases to complete the reaction. 


Table V. 


Action of Alcoholic Sulphuric Acid on Pry Sodium Sulphate. 


Percent- Acidity 

age of Percentage con- in residue 
acid in version into ethyl as per- 
the a loo- hydrogen sulphate centago 


No. 


Time 

extracted. 

holic 

sulphuric 

acid. 

of constituents. 

Acid. Alcohol. 

of sul- 
phuric 
acid. 

1 

Gf 

r days (20) 

9-19 

82-5 

3-9 

0-57 

2 


20-41 

87-7 

10-6 

1-53 

3 

8^ days (36) 

29-9 

83-7 

17-5 

5-83 

4 

9 

days (41) 

40-6 

81-0 

26-2 

10-83 

5 

9 

days (41) 

50-6 

72-0 

340 

12-49 

6 

11 

days (63) 

70-2 

54-5 

60-4 

19-98 


18 

days (102) 

70-2 

o4-5 

60-4 

18-80 

7 

15 

days (65) 

78-8 

41-0 

71-5 

27-69 


23 

days (117) 

78-8 

41-0 

71-5 

18-59 


Notes. 


incomplete. 

neutral 

washings. 

incomplete 

neutral 


washings. 


From these results it will he observed that sodium sulphate com- 
bines with sulphuric acid presented to it as alcoholic sulphuric 
acid. The amount of combination increases with the strength oi 
the alcoholic sulphuric acid used, but is not directly proportioiiJi 
to it. The table gives the results after the sodium sulphate ha<i 
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been contact with the alcoholic sulphuric acid for seventy- 

t^vo hours with constant shaking. Owing to pressure of work, it 
was not possible to examine the influence of tinae on the action of 
alcoholic sulphuric adds on sodium sulphate.* 


fhe Action of Alcohoiic S^dphuric Acid on Dry Sodium Hydrogen 
Sulphate. 

Sodium hydrogen sulphate was mixed with about six times its 
^vei^^ht of alcoholic sulphuric acid and shaken for twenty-four 
hours. The solid was then filtered off, wrapped in clean paper, and 
placed in a Soxhlet apparatus for extraction with dry ether. The 
acidity of the residue in the paper was estimated as soon as the 
runnint^s from the apparatus were neutral. The observed results 
are given in table VI. 


Table VI. 

Action of Alcoholic Sulphuric Acid on Dry Sodium Hydrogen 
Sulphate. 


Strength 
of alco- 
holic sul- As percentage of 

phuric Percentage conver- sulphuric acid, 
acid as sion of constituents ^ > 




percentage 

into ethyl hydrogen 

Acidity in 



No. of 

of sul- 

sulphate. 

filtrate 



hours ex- 

phuric 

r — 

— ^ ^ 

after 

Acidity of 

Xo. 

tracted. 

acid. 

Acid. 

Alcohol. 

shaking. 

residue 

1 

13 

9-1 

82*5 

3-9 

13-5 

18*83 

2 

34 

21-6 

87-1 

11-3 

28-8 

18*64 

3 

38 

29-9 

83-7 

17-5 

32*9 

26*31 

4 

82 

40-6 

81 ’0 

26-2 

39-1 

27*69 

5 

38 

50-6 

72-5 

340 

50-1 

23*62 


? 

50-6 

72-5 

340 

50*1 

18*93 

6 

34 

60-6 

64‘5 

44-5 

57*5 

33-60 


74 

60-6 

64-0 

44-5 

57*5 

18-63 

7 

50 

70-2 

54-5 

60-4 

67*8 

37-86 

8 

86 

78-8 

41-0 

71-5 

78*1 

33-63 


* It is necessary to exercise great care in testing the ninnings with litmus 
paper as, when the aeid is small in quantity, its presence is not indicated 
Jatil aU the ether has evaporated from the paper. 

In the cases of specimens treated, with alcoholic sulphuric acids of the 
higher acid-contents, it was observed that the liquor in the flask of the 
ioxhlet apparatus separated into two layers. This was due to the presence 
if ethyl hydrogen sulphate. This substance was also found in washings in 
ffhich no separation into layers had occurred. The solubility of ethyl 
aydrogen sulphate in ether is less than one per cent., and consequently, if 
I’here is much ethyl hydrogen sulphate present, it shows itself by causing the 
appearance of two layers in the flask. 

These remarks apply also to the next section. 

B B* 2 
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From these figures it is evident that alcoholic sulphuric 
reacts with sodium hydrogen sulphate. It appears that alcoholic 
sulphuric acids of which the strength is about 20 per cent, and 
less extract acid from the hydrogen sulphate and leave a resid^ie 
of the compound Na2S04,NaHS04, whilst acids of 30 per cent, and 
more also react with the hydrogen sulphate and give another 
sulphate of sodium, which has previously been prepared by j 
different method, having the formula Na2S04,2NaHS04 and an 
acidity of 25-65 per cent. The formation of this compound has 
not been definitely proved, but, if it is formed, it is decomposed hv 
exhaustive extraction with ether, giving the compound 
Na^S 04 ,NaHS 04 . 

The mixtures of alcoholic sulphuric acid and sodium hydrogen 
sulphate become gelatinous during the shaking, and, if the sub- 
stance in the Soxhlet apparatus is examined during the extraction 
crystals of considerable size are found . These crystals seem to be 
formed in the bottle or during the extraction, for the hydrogen 
sulphate was always carefully powderetl before exposing it to the 
action of the alcoholic sulphuric acid. The crystals prohabh 
consist of the compound NaoS04,2NaHS04, as they are not observwl 
when -the product of the extraction is the compound 
Na^S 04 ,NaHS 04 . 

The extraction was fairly rapid at first, and the litmus with which 
the runnings were tested showed a bright pink coloration. After 
some time the extraction became very slow, and the acidity towards 
litmus paper was obvious, but extremely weak (see footnote, 
p. 659), This will explain the various times shown in the table 
for extraction; for example, one sample, after actual extrac- 
tion for eighty-two hours and remaining in ether for the remainder 
of a fortnight when the extraction was not proceeding, showed an 
acidity of 27*7 per cent. The remainder of the sample was then 
replaced and was extracted for twenty-four hours more, and when 
not under continuous extraction was left in the dry ether, the 
whole experiment lasting about three days. After this treatment 
the acidity was 24-7 per cent. As a comparison, it may be stated 
that the ethereal extraction of sodium hydrogen sulphate, after 
treatment with alcohol, takes only a few hours to complete. 

It will be observed that the acidity of the filtrates in cases 1, i 
and 3 is greater than the original acidity of the alcoholic sulphuric 
acid ; in all other cases it is about the same or a little less. 


to it.’ 
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of certam Properties of the Intermediate Sulphate, 

Ka2S04,NaHS04. 

•yjie campound, Na 2 S 04 ,NaHS 04 , whicli is so readily formed by 
the action of dry alcohol on dry sodium hydrogen sulphate, is 
dealt with by Pascal and Ero (Joe. although the substance 

was prepared by a different method from that described in this 
paper. In the course of the present work it has been necessary 
to study this compound in some detail, and the results do not 
confirm the observations of Pascal and Ero, who state that the 
intermediate sulphate decomposes at 174° with partial liquefaction. 
Specimens of the intermediate sulphate, were pre- 

pared by extraction of sodium sulphate by alcohol, and the state- 
ment that the substance is unchanged in air was confirmed. The 
acidity of the different samples ranged from 18-66 to 18-78 per 
cent. A weighed quantity of the substance was then heated in a 
platinum basin in an oil-oven, and cooled and weighed at intervals. 
The temperature of the bath was raised about 4° or 5° at a time 
until the temperature reached 215^. The salt was kept in the 
bath for about half an hour at each temperature, and weighed 
after each heating. It showed no signs of melting, and its weight 
was constant. Over the whole period of a particular experiment, 
7-3038 grams of the substance lost 0*0254 gram. The acidity at 
the commencement of the experiment was 18' 67 per cent., and the 
acidity after the prolonged heating was 18-74 per cent. This 
result has been frequently confirmed. The only difference in the 
substance after heating was that the colour had changed to a pale 
ffrey. The salt as prepared is snow-white. Every attempt on the 
part of the authors to determine the melting point resulted in 
failure. Even when heated to 260° the substance did not melt. 
It seemed possible that Pascal and Ero, having prepared their 
specimens from solutions, might have determined the melting point 
of a substance containing water, and that the presence of water 
would cause it to melt. A sample of the intermediate sulphate 
was prepared by the recrystallisation of nitre-cake (33 per cent, of 
sulphuric acid), and gave the following analysis: 


Acidity as H.^SOj 

determined as BaSO^ , 
produced on fusion 

Water 


I, 

TI. 

iir. 


Calculated 
from I, assum- 


Found. 

ing the salt 

Theory for the 

Per cent. 

dehydrated. 

dry salt. 

18*45\ 

18-50/ 

19-28 

18-70 

70-58 

73-41 

73-29 

77-421 

80-69 

81-30 

77-43/ 

3-95\ 



4*02/ 
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• The salt obtained by recrystallisation contained a slight excess 
of acid above that required for the intermediate compound. On 
heating, water was given off, but fusion did not take place, Xlip 
authors are unable to account for the observations quoted in the 
paper mentioned (Joe. cit.). The substance, Na 2 SO 4 ,NaHS 0 ^. 
decomposes before it melts, the residue after heating being 
sodium sulphate. 


The Action of Pure, Dry Alcohol on Mixtures of PurCy Dry Sodlm 
Sulphate and Pure, Dry Sodium Hydrogen Sulphnte hefon 
and after Heating the Mixtures. 

The next series of experiments was carried out with the object 
of elucidating the composition of commercial nitre-cake. It h 
usually assumed that nitre- cake is a mixture of sodium hydrogen 
sulphate and sodium sulphate, but recently Pascal and Ero Joe, 
cit,) have stated that, at the ordinary temperature, it is a mixture 
of the intermediate sulphate, Na 2 S 0 ^,NaHS 04 , and the hydrogen 
sulphate. Pascal and Ero's statement is based on a study of the 
melting points of mixtures of neutral sulphate and sulphuric add. 
and their conclusions are not therefore necessarily applicable to 
nitre^cake. It occurred to the authors that a study of the action 
of alcohol on (1) mixtures of sodium sulphate and hydrogen 
sulphate, and (2) commercial nitre-cake, would probably throw 
light on the subject, and experiments were accordingly carried out 
on these lines. Asa preliminary experiment, it was necessary to 
ascertain if there is any evolution of sulphuric acid from such 
mixtures when heated to 215^, as the conclusions drawn depend on 
the assumption that, before extraction with alcohol, the total 
amount of acid in the mixture is the same as the amount of acidity 
in the mixture when weighefi out for the experiment. Results 
show that mixtures of sodium sulphate and sodium hydrogen 
sulphate do not lose sulphuric acid when heated to 215®. 

(a) Table YII. Nos. 1 to 7. — Dry sodium sulphate and dry 
sodium hydrogen sulphate were shaken with excess of alcohol for 
twenty-four hours. The solid was then filtered off and extracted 
with dry ether until the runnings were neutral. 

(h) Table Vll. Nos. 8 to 13. -In all these cases the salts were 
treated as above, except' that, before the alcohol extraction, th 
mixed salts were heated in an oil-oven for four hours at 200 — 2lo° 
In No. 13 the mixture was heated for six and a-half hours 
if the reaction became quantitative if given sufficient time. Tlis 
analyses indicate that the reaction was complete in the shorter 
time, namely, four hours. 
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The values shown in column vii are found by calculation, assume 
iuff that all the sodium hydrogen sulphate is converted into the 
fompeund, Na^S04,NaHS04, and that as much sodium sulphate as 
possible combines with the sulphuric acid so lil)eratetl, also forming 
the compound, Na2S04,NaIIS04. 

It will be seen that, in every case, the acidity oF the residue is 
greater than it would be if the hydrogen sulphate only took part 
in the reaction (column iv), but less than the value shown in 
column vii. Participation of the sodium sulphate in the reaction 
is indicated in every case, although (see column viii) its conversion 
into the compound, Na.S0},NaHS04, is never complete. 

Two explanations are possible of the part taken by the sodium 
sulphate in the reaction; 

( 1 ) That, in the presence of alcohol, some of the sulphate com- 
bines directly with the sodium hydrogen sulphate. No evidence 
in favour of this possibility has been found. 

( 2 ) That tlie alcoholic sulphuric acid produced by the action of 
the alcohol on the sodium hydrogen siilj^hate, reacts with a portion 
of the sulphate, forming the compound. Na,S04,NaTIS04. 

Sulphuric acid acts on sodium sulphate in Ihe presence of water, 
and it seemed nob unlikely that it might act on sodium sulphate 
in the presence of alcohol. This point was thoroughly investigated, 
and the results obtained (p. 658 ) show conclusively that (a.) 
anhydrous sodium sulphate is acted on by alcoholic sulphuric acid 
at the ordinary temperature, and (h) that the amount of inter- 
action increases with the strength of alcoholic sulphuric acid 
employed . 

In the second series of analyses, obtained in experiments in 
which the substances under consideration were heated, it will to 
seen that the heating of the two salts in contact results in a. very 
considerable formation of the compound. 'NI'aMS04.NaHS04, as 
indicated by the increased acidity of the residue after extraction 
(see table VII, columns v to viii. and compare Nos. 8 to 13 wdth 
Nos. 1 to 7 ). The mixtures (except No. 13 ) were heated for four 
hours at 200 — 215 ®. Prolonged heating does not increase the 
yield of intermediate sulphate. Considering the difficulties of 
complete admixture and the fact that, the mixtures never com- 
pletely fused, the results lead one to expect a still higher con- 
version to the compound under ideal conditions, It appears that 
if the ratio Na,S04 :NaHS04 is greater than unity, the degree of 
conversion to the double compound is greater than when the ratio 
NrIISJOj ; Na^S04 is greater than unity. 
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Constitution of Nitre-cake. 

The results given in table VII provide conclusive evidence regard- 
ing the constitution of nitre-cake- It will be noticed from experi- 
ments Nos. 14, 15, and 16 that: 

(а) When the original acidity of the cake is more than 18-7 per 
cent., extraction with dry alcohol reduces it to 18' 7 per cent., 
indicating a complete conversion of the sodium hydrogen sulphate 
present in the cake into the compound, Na2S04,NaHS04. 

(б) When the original acidity of the cake is about 18'7 per 
cent., treatment with dry alcohol leaves it unaltered. 

(c) When the original acidity of the cake is less than 18’ 7 per 
cent,, treatment with dry alcohol again leaves it unaltered. 
Experiments 1 to 6 having shown that when mixtures of sodium 
sulphate and sodium hydrogen sulphate are extracted with alcohol 
the sodium sulphate is never completely converted into the com- 
pound, NaoS04,NaHS04, it follows from the above results that 
nitre^cakes of 18‘7 per cent, acidity and more contain no sodium 
sulphate at all. Cakes of more than 18-7 per cent, acidity consist 
of a mixture of sodium hydrogen sulphate and the compound, 
Na2S04,NaHS04, and cakes of less than 18*7 per cent, acidity com- 
prise a mixture of sodium sulphate and the compound, 
Na.,S 04 ,NaHS 04 , 

containing no hydrogen sulphate at all, for, if hydrogen sulphate 
were present, extraction with alcohol would reduce the acidity. 
Finally, a cake of 18'7 per cent, acidity consists of the com- 
pound, Na2S04,NaHS04, and contains neither sulphate nor 
hydrogen sulphate. 

The molecular proportions of a nitre-cake of known acidity may 
be calculated from one of the two fonnulai given below ; 

(<2) If the acidity of the nitre-cake is 18-7 per cent, sulphuric 

a/'id or less = - .where molecular propor- 

acid or less, a:-i 4900 -120?/ 

tion of sodium sulphate, (1 - ='rj - the molecular proportion of the 
compound, Na,iS04,NaHS04, in the cake, and ;/=its acidity 
percentage of sulphuric acid. 

(5) If the acidity is 18'7 per c^nt. of sulphuric acid, or more. 

4900- 120 y , 

but not exceeding 40'83 per cent., 2:= “14^ ’ 

molecular proportion of the compound, Na9S04,NaHS04, (1 
the molecular proportion of sodium hydrogen sulphate in the nitre 
cake, and y=its acidity as percentage of sulphuric acid. 
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Summary and Conclusions, 

( 1 ) Dry alcokol acts on dry sodium Kydrogen sulphate, with the 
formation of the intermediate sulphate, Na2S04,NaHS04, and the 
liberation of sulphuric acid, which dissolves in the alcohol, and is 
subsequently converted partly into ethyl hydrogen sulphate. Pro- 
longed action of alcohol does not extract any further quantity of 
the acid. 

( 2 ) Methyl, w-butyl, and amyl alcohols also react with sodium 
hydrogen sulphate, w'itli the formation of the same intermediate 
sulphate. 

( 3 ) Dry ethyl alcohol does not decompose dry potassium hydrogen 
sulphate. 

( 4 ) Moist alcohol will completely decompose sodium hydrogen 
sulphate, giving first the intermediate sulphate, Na^S04,NaTIS04, 
and finally normal sodium sulphate. Sodium sulphate is sparingly 
soluble in moist alcohol. 

( 5 ) Alcoholic sulphuric acid reacts with sodium sulphate in the 
cold ( 18 °), with the formation of an acid sulphate, The amount 
of the intoraction increases with the strength of the alcoholic 
sulphuric acid employed. 

( 6 ) When alcoholic sulphuric acid acts on sodium hydrogen 
sulphate, the intermediate sulphate, NaoS04,NaHS04, is formed if 
tho strength of the alcoholic sulphuric acid corresponds with 20 per 
cent, or less. When the alcoholic sulphuric acid has a strength 
corresponding with 30 per cent, of sulphuric acid or more, the com- 
pound, ]Sra^S04,2NanS04, is probably produced ; if so, this com- 
pound is slowly decomposed by constant extraction with pure, dry 
ether, and finally yields the compound, NaoS04,NaHS04. 

( 7 ) The compound, NaoSO^.NaHSO^, is formed when dry sodium 
sulphate is heated with dry sodium hydrogen sulphate. 

( 8 ) Nitre-cake consists of the compound Na2S04,NaIIS04, alone 
or mixed with either sodium hydrogen sulphate or sodium sulphate, 
according as the acidity is equal to. greater than, nr less than 18‘7 
ppr cent, of sulphuric acid. 

The Indian Munitions Board has kindly given permission for the 
publication of this paper. 

The Chemical Laboratouy, 

Cordite Factory, 

Ahuvankadtt, S. India. [Received, Def'emher ^Oth, 
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'L'KK --Orientation of the Nitro- and Aryhz^, 
gtyoxalines. Fission of the Glyoxalone Nucleus. 


By Egbert George Fargher. 

In the course of a recent communication (T., 1919, 115 , 217), tlie 
author, in conjunction with Prof. F. L. Pyinan, showed that the 
nitrchgroiip, on entering the glyoxaline nucleus, takes up the 4- or 
5-position ,* Subsequent reduction with tin and hydrochloric acid, 
undertaken with the object of examining the corresponding ainino- 
gly ox alines and determining directly the orientation of the nitro- 
group, led to fission of the nucleus, two of the three nitrogen atoms 
appearing in the form of ammonia. It was suggested that the 
first stage of the disintegration was probably the elimination of the 
amino-group as ammonia with formation of a glyoxalone, certain 
members of the purine group— also derivatives of 4-aniiii[> 
glyoxaline — having been shown to undergo hydrolysis in this 
manner (compare Tafel and Meyer, Ber., 1908, 41 , 2546; Biltz, 
Ber., 1910, 43, 1589). It was therefore of interest to investigate 
the reduction in more detail with the objects (1) of determiniuf? 
directly the orientation of the nitro-group, (2) of establishing the 
transformation into the glyoxalone, and (3) of studying the fission 
of the simple glyoxalone nucleus under the influence of acids. The 
earlier experiments had shown that the products of complete reduc- 
tion, apart from ammonium chloride, the predominant constituent, 
were very uninviting in appearance. Consequently, treatment in 
cold hydrochloric acid solution with just sufficient stannous chloride 
to reduce the nitro-group was employed, with success. Nitre- 
glyoxaline, in addition to ammonia, yiebied glycine, as did also 
iiitro'-2-methylglyoxaline, whilst nitro-S-methylglyoxaline yielded 
a-alanine, This clearly demonstrates that the nitroglyoxalines are 
correctly formulated as 4-nitro-derivatives, that the reduction is 
followed by hydrolysis of the 4-aTninogly ox aline (II), with the 


NOg-C 

(I.) 


CH-NR 
NH^-C 


-N 
(II.) 

CR-NH\ 

CO- 

(ra.) 


,CH 


NHj-CHg-COjH 

(IV.) 


* In glyoxalineg containing a free imino-group the 4- and 5-positioas are 
equivalent. 
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forniation of the 4-glyoxalone (III), and that one fission of tlie 
4 .fflyoxalone nucleus takes place between the 1:2- and 3:4- 
pogitions. This fission recalls the isolation of sarcosine, 
NHMe'CHp-CO.H, 

by Rosengarten and Streeker {Annahn, 1871, 157, 1) as a product 
of hydrolysis of caffeine by baryta. 

The reduction of nitro-2-metliylglyoxaline gave evidence of a 
second mode of fission, as a-amino a-iininoethane (VI) was isolated. 



(V.) (VI,) (VII.) 


Fission therefore takes place between the 1:5- and 3 :4-positioiis 
(V), presumably with simultaneous formation of gly collie acid, and 
eveals the probable mechanism of the formation of guanidine 
VII) in the reduction of 2-benzeneazoglyoxaline. 

What is practically the reverse process was accomplished by 
dnger (7. y?/*. Chem., 1907, [ii], 76, 93), v/ho condensed a-iiniiio- 
; ethoxyethane with the ethyl ester of glycine, and obtained 
:-inethyl4-glyoxalone. 

In neither of these reductions was the aininoglyoxaline obtained, 
■onsequently, the isolation of a small and variable proportion of 
-amiri^b-methplglyo'xahne (VIII) from the reduction of 4-nitro- 
'-methylglyoxaline was both unexpected and important, and per- 
ni':ted comparison of a simple 4-aminoglyoxaline with the 2-amino- 
;lyoxaline isolated in the earlier work (loc. cit,, pp. 223, 246). It 
\ras already evident that they evinced a considerable difference in 
lability, and the dissimilarity extends to most of the other prop cr- 
ies. Whilst 2-aminoglyoxaline (IX) is a m on acidic base, which 
loes not yield a benzylidene derivative, does not react with sodiuin- 
Inaphthoxide after treatment with nitrous acid,'^ and, in brief, 
)eliaves in many of its reactions as if it existed in the tautomeric 
orm (X), 4-amino-5-methylglyoxalin6 reacts as a true aromatic 
imiue, forming a dihydrochloride and a crystalline henzylidene 
lerivative, and coupling readily with sodiuiri-j3-naphthoxide after 
reatment with nitrous acid. 


(VIII.) 


CH-NH. 
1 1 

CR—W 




(IX.) 


(X.) 


In the previous communication it was also shown that the aryl- 
izoglyoxalines were true (7-azo-, and not V azo-, compounds, as had 


* I am indebted to Prof. Pyman, who has, since the appearance of our 
omt comimimcation., made a further study of the 2-aminoglyoxalines, for 
his correction (compare loc, cit., p. 248). 
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been suggested by Rung and Behrend [Annalen, 1892, 271, 28) 
and Burian (Ber., 1904, 37, 696). Whilst, however, in the case 
of the 2-arylazoglyoxalines this was established by a study of their 
reduction products, proof of the constitution of the i-arylazo- 
derivatives was mainly indirect. On complete reduction, thev 
behaved like the nitroglyoxalines, the ring undergoing fission 
whilst their general properties were antagonistic to the supposition 
that they were 1-arylazo-derivatives. 

As the results now obtained with the nitroglyoxalines indicated 
the course the reaction might be expected to take, it was evident 
that the formation of gly ox alone derivatives in the reduction of 
the 4-arylazoglyoxalines would definitely determine the orientation 
of the arylazo-group. 

The reduction of p-bromobenzeneazo- 2 -methyl gly ox aline and 
4-benzeneazcK5-methylglyoxaline was therefore undertaken under 
the same conditions as had been successful in the case of the nitro- 
glyoxalines. The former, which, previously, had yielded onlv 
p-bromoaniline and ammonia as i sol able reduction products, readilv 
gave a glyoxalone^ for which there were two possible formulse 


(XI, XII). 

CO*NH. 

I >CMe 
Br^ \NH-CH~X 


NH, CO-NH.. 


(XL) 


(XII.) 


The formation of a henzi/lidene derivative similar to that 
obtained from 2-aminci^4-y3-aminophenylglyoxalin6 shows the second 
of these to be correct. The failure, therefore, of the compound 
to give more than a faint yellow colour with sodium-j3-naphthoxide 
after treatment with nitrous acid is interesting. The comparative 
stability towards hydrochloric acid serves to confinn the constitu- 
tion, as an earlier stage in the formation of glycocyamidine (XV) 
and alacreatiniue from 2-benzeneazoglyoxaline (XIII) and 
2-benzeneazo-5-in6thylglyoxaline respectively, by reduction with 
zinc and acetic acid, is no doubt represented by 2-amino-4-anilino- 
glyoxaline (XIV) and 2-amino4-aniiinO'5-methylglyoxaline, which 
then undergo hydrolysis and rearrangement. 

^ PhNH.d— 


C0”NH^ 


Practically the whole of the rerluction product appeared in 1 
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foriB of an insoluble staunichloride, probably that of h 'amino- 
l^.{^Lamim-^^-hromophenyl)-2~methylglyoxalint (XVI), as, after 


Br II 



\ 


CMe 


(XVI) 


NH2*C‘NH 
Br |: \cPh 
-c— n ^ 


NH, 


(XVII.) 


conversion into the hydrochloride, roughly molecular proportions 
of ammonium chloride and the gly ox alone were obtained on frac- 
tionation. It is therefor© permissible to assume that the constitu- 
tion of the reduction product of bromobenzeneazo-2-phenyb 
glyoxaline {loc, dt., p. 258) is correctly represented as ^-amino- 
i.(2^-ami‘Tio-5^-hromO'pheiiyl)-2-'phe7iylglyomline (XVII), the pro- 
duct evincing a greater stability towards acids than the correspond- 
ing 2-methyl derivative. The further study of the reduction of 
4-benzeneazo-5-methylglyoxaline was of interest, as two products 
of undetermined constitution had already been isolated, a base 
CgHjQONo, from the reduction with tin and hydrochloric acid {loc. 
cit., p. 254), and a base, from the reduction with zinc 

and acetic acid {loc. cit., p. 255). The reduction with cold 
stannous chloride has now yielded, in addition to the base, 
CjH^oONg, a third compound, Ci(jHj^ 0 N 3 , not identical with the 
product of the zinc reduction. It gave a dihydrochloride, a 
heazylidene derivative, and, after treatment with nitrous acid, 
coupled with sodium-j3-naphthoxide, and is therefore 2-^-ami7io- 
lihcnyl-^-methylA-glyoxalone (XVIII) . 


(xvm.) 


CHMe-NH... 


CO- 


(XIX.) 




The base from the zinc reduction was monacidic, did not couple, 
and did not react with benzaldehyde. and is therefore 2-aniJin(hO- 
mtihjl-i^glyoxalone (XIX). It is of interest to record that the 
reactions which have been ex ami Died so far indicate that the zinc 
and acetic acid reduction favours the semidine change, whilst the 
stannous chloride reduction favours the benzidine change. It does 
not follow, however, that the reaction proceeds entirely in the one 
direction, as, for example, a small proportion of 2-5^-bromo-2^- 
aminoanilinoglyoxaline {loc. cit.^ p. 246) is produced in the reduc- 
tion of 2'p-broinob6nzeneazoglyoxaline, whilst the guanidine formed 
hi the reduction of 2-benz6neazoglyoxaline conceivably originates 
from 2-aiiiino4-auilinoglyoxaline through, the intermediate form- 
ation of glycocyamidine. This is of interest in view of the close 
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relationship of creatine (X.XI) to creatinine (XX) and the sugge^. 
tion that the former is the precursor of methylguanidine (XXII) 

NH c:kh 

Mj 

(XX.) (XXI.) (XXII,) 

in the organism (Achelis, Zeitsch. physiol. Ghein.y 1906, 50 , 10), 

Neither of the modes of fission established in the simple glyoxal- 
one nucleus accounts for the formation of the base, C 9 HjqON 2 , fiom 
either 2-;?-aminophenyl^-methyl4-glyoxalone or 2-aniliiio5- 
methyl-4-glyoxalone, one of which probably represents an earlier 
stage in its formation. It is difficult to avoid the supposition that 
fission ensues between the 4:5- and 2 ; 3-positions, the reaction 
being conditioned by the presence of the ^^-aminophenyl or anilino- 
grouping in the 2 -position. The small amount of these suhstanre 
available has rendered it impossible, so far, to examine their hydro 
lytic products in detail, but it is worth noting that in the former 
case the properties of the base necessitate the assumption of sub- 
sequent ring-formation involving the j?- amino-group, whilst, in the 
latter, a cydio derivative of carbamide (XXIII) is one of the 
possible products. 

NPh<Z??r>NII NHPh*CO*NH-CHMe‘NH-CO-NHPh 

(XXIII.) (XXIV.) 

Attempts to synthesise this by the condensation of acetal or 
acetaldehyde with phenyl carbamide led, however, solely to eihtil 
idenebisphenylcarhamide (XXIV) . 

Experimental. 

ReAuctitm of i-Nitraglyoxaline. Fwinutim of Glycine and 
Ammonia. 

To 33 grams of nitroglyoxaline, dissolved in 100 c.c. of concen- 
trated hydrochloric acid, 175 c.c. of stannous chloride solution^ 
were gradually added, the temperature being maintained below 0 “ 
and the mixture stirred mechanically for some time after the 
addition was complete. The crystalline stanni chloride 
collected, and the filtrate concentrated, when it deposited a further 
quantity, the total yield being about 49 grams. 

On recrystallisation from 10 per cent, hydrochloric acid, it 

♦ The stannous chloride solution used throughout the investigation 
prepared by mixing 40 grams of stannous chloride with sufficient by 
chloric acid to form 100 c.c. of solution. 


CO — NH^ 


CH,— NMe. 


,H NH, 


ho. 


>c: 
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obtained in large, octahedral masses, which, after removal of tin, 
ffave solely ammonium chloride (Found: Cl== 66 - 1 ; 

Calc.: Cl = 66*3; NIl 3 = 31‘8; in the stanni chloride, NH 3 = 9 - 1 , 
92 . Calc.: NH 3 = 9'3 per cent.). The residual liquor was 
evaporated to remove excess of acid, freed from tin, again evapor- 
ated under diminished pressure, and extracted with alcohol, which 
left undissolved 6-3 grams of ammonium chloride. The syrupy 
alcoholic extract, on solution in water and addition of picric acid, 
vielded only traces of an insoluble pier ate, 60 grams of nitro- 
alyoxaline giving Oh gram in a pure condition. This separated 
from water in well-defined needles, which darkened rapidly above 
200° and melted at 234° (corr.), and gave analytical figures in fair 
agreement with aminofjlyoxaJine. dipi crate, but the amount was 
too small to permit of its further examination (Found: C = 32'8; 
n- 2 ‘G; hT— 22-8. C 3 H 5 N 3 , 2 CeH 30 -hr 3 (541-2) requires C = 33'3; 

H= 2 ‘l; N = 23‘3 per cent.). The residual solution was recon- 
verted into the hydrochloride, evaporated to dryness in a vacuum, 
dissolved in alcohol, and submitted to fractionation. There first 
deposited a further I'O gram of ammonium chloride, then (a) 5’2 
(rrams melting at about 174°, ( 6 ) 3-1 grams melting at about 156°, 
and (c) 2 ‘8 grams melting between 130° and 140°. Further crops 
were obtained more readily from the mother liquor after the addi- 
tion of alcoholic hydrogen chloride, and these melted between 130° 
and 140°. Crops (a) and [h) were united and crystallised from 
rather less than their own weight of water, when, on keeping, there 
separated 4 grams of large, flattened prisms melting at 189° (corr.), 
sintering some degrees earlier. This substance proved to be the 
sesqiiibydrochloride of glycine (Found; C = 25’5; H = 6 T; 
N--14-9; Cl-19-1. (aH 56 .K). 3 ,HCl requires C-25-7; H-5-9; 

N^15‘0; CI=19'0 per cent.). The mother liquor, on further con- 
centration, deposited a mixture of this hydrochloride and the 
normal hydrochloride of glycine, from which the latter was 
obtained on crystallisation in presence of excess of hydrochloric 
acid. It separated as a serrated mass of somewhat hygroscopic, 
flattened prisms, which melted at 182° (corr.), sintering above 150° 
(Found: C=-21'7; H-5-7; N-12-7; Cl = 31-2. C 2 H 302 N,nCl 
requires C = 21-5; H- 5 ‘ 4 ; N = 12*6; Cl = 31'8 per cent.). Crop 
(c), and subsequent crops melting at about the same temperature, 
were mixed and recrystalli-cd from alcohol, when a mass of fine, 
silky needles, melting at 145° (corr.) and showing no depression 
when mixed with a synthetic specimen of glycine ethyl ester hydro- 
chloride, was obtained (Found: C = 34-5; H = 7-4; N-IO’O; 
Cl-25-0. C^HgOo^bHCl requires C = 34*4; H-7'2; N = 10-0; 
Cl=:25'4 per cent.). 
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The identity was further established by the isolation of glycine 
from all three hydrochlorides, the glycine melting at 247® (eorr.j 
and showing no depression of melting point when mixed with a 
synthetic specimen (Found: C = 3T8^; H = 6’9; N — 18'5. CjR.O,^ 
rec|uire >5 C~32‘0; H=:G'7; N = 18'7 per cent.). 

The ultimate alcoholic residues, which were very dark in colour, 
gave no further cry^stalline material. 

l^eA^ction of ^-Nifro-^-mcthylfihjoxaHne. Formation of Qhjcm 
a-Amino-a-iminoethane, and Ammonia. 

The reduction of 12-7 grams of nitro-2-methylglyoxaline ^va^ 
carried out as in the previous instance. There were first obtained 
7' 6 grams of ammonium stannichloride. The more soluble staiiiii- 
chlorides were converted into hydrochloride^s in the custoniarv 
manner, the solution evaporated to dryness under diminishri 
pressure, and extracted with alcohol, leaving 3-5 grams of praefio- 
ally pure ammonium chloride. The alcoholic extract was conceiv 
trated to a syrup, dissolved in oO c.c. of water, and treated wiih 
a boiling solution of 13 grams of picric acid in 250 c.c. of water, 
when 7-7 grams of a crude picrate were obtained. This, on re 
crystallisation from water, separated in glistening, orange prisnu 
sintering from 245^ and melting at 252^' (corr.). The yield 
amounted to S'G grams. 2*8 Grams of this picrate were converted 
into the hydrochloride, excess of hydrochloric acid being avoided. 
The resulting aqueous solution was evaporated to dryness under 
diminished pressure, below 50°, leaving a solid residue, which was 
dissolved in a little alcohol and kept. There gradually separated 
long, colourless, prismatic needles, which melted at 174° (corr.l. 
and proved to be the hydrochloride of a-amino-a-iminoethane (M. 
p. 669). Pinner (Ber.. 1884, 17 , 178; '‘Die Iminoather/' p. 107) 
gives the melting point as 165° or 166 — 167° (Found: C = 25''; 
H = N-29d; Cl -^36-5. C..H,No,HCl requires C-25'4; 

E=7-5; N = 29-6; CI = 37’5 per cent.). 

The melting point of the picrate is given by Dieckmann 
1892, 25 , 547) as 247° (Found: C = 33-8; K=3-3; N=23-9. 
C.>nnN.,.CfiHA^\ requires C-33 4; TT-=3-2; N = 24-4 per cent.). 

"The 'identity of the base was further established by the pre 
paration of the aurichloride. This salt crystallises from water in 
fern-shaped clusters of golden-yellow needles, which melt at 266 
and are anhydrous. 

Found: Auy=49'2. 

CsHoN.jiCbAuClg (398d) requires Au^49'5 per cent. 

The platinichloride, previously described by Pinner, separaifs 
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from water in small, orange, flattened prisms or in large, red, 
flattened prisms, according to the rate of crystallisation. Like the 
aurichloride, it is anhydrous. It melts at 242® (corr.) (Found: 
pt = 37‘0. (C2HcN.)2,2HCl,PtCl4 requires Pt = 37‘l per cent.). 

fhe residual liquor from the separation of the a-amino a imino- 
etbane picrate was regenerated into the hydrochloride and 
evaporated to dryness, leaving a dark syrup. As this showed no 
tendency to crystallise, it was dissolved in absolute alcohol contain* 
fuff hydrogen chloride, warmed for a short time on the water-bath, 
and concentrated, when, on keeping, glycine ethyl ester hydro- 
chloride gradually separated, and was identified by comparison 
with the synthetic product and by analysis (Found: N^IO'O; 
01 = 25*1. requires N~10'0f Cl~25‘4 |)er cent.). 

The residue from the glyciue ester hydrochloride yielded no 
further crystalline material. A small quantity of a non-nitro- 
ffenous ester was isolated, but the amount was too small to atteiuf^t 
it? purification and identification. 

Refhictioii of Nitro-O-metliylghiOTaline.. Formaiioji of a-AI/inine, 
^-Am^no-o-mct]iylglyo;r<ilme, amJ .1 mmonia. 

The reduction of 11 grams of 4-nitro-o-methylglyoxaline was 
carried out as in the previous instances, yielding 7-5 grams of 
aininonium stannichloride and 1'4 grams of ammonium chloride. 
The syrupy, alcoholic extract was dissolved in 25 c.c. of water and 
treated with a boiling solution of 8 grams of picric acid in 200 c.c. 
of water, when there quickly separated 4 grams of fine needles 
coiitaminated with oily matter. On keeping overnight, a further 
: ‘3 grams separated, mainly picidc acid, and the mother liquor 
deposited picric acid only on concentration. The two crops were 
"rystalliscd from alcohol, from which there separated clusters of 
long, old-gold needles, which blackened rapidly above 180® and 
melted and decomposed at 195® (corr,). 

The picrate was converted into the hydrochloride, excess of acid 
being avoided. The solution, on evaporation in a vacuum at as 
low a temperature as possible, left a syrup, which became crystal- 
line on mixing with a few drops of alcohol. The hydrochlorule 
separates from alcohol in minute, colourless prisms, which melt at 
189® (corr.) and are anhydrous. The crystallisation should he 
conducted as quickly as pjossible, as the alcoholic solution 
decomposes on keeping. 

Found: C = 28’2j N^24’2; Cl = 4b0. 

C,TLN3,2HC1 (170-0) requires C = 28'2: H-5-3; N = 24-7; 

Cl =41 '7 per cent. 
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The solution of the hydrochloride reduces ammoniacal silver 
nitrate strongly on wamiing. It gives, with sodium nitroprug^j^^ 
on addition of sotUum hydroxide, a brown colour; with sodiiuj 
diazobenzeiie ^y-sulphonate in sodium carbonate solution, a britrit 
yellow colour; on treatment with nitrous acid and addition to 
sodium-j3 naphthO'Xide, a deep reddish-brown solution; with ferric 
chloride, no colour; with Fehling’s solution, reduction on warm 
ing; with potassium permanganate in cold acid solution, instant 
reduction; with gold chloride, a brown precipitate which dissolves 
on warming, reduction taking place. 

The properties and composition indicate that the substance i? 
correctly formulated as i-amiiio~b-meihylglyoxalvne, (VIII, p. 

The picrate is sparingly soluble in water, but more readily so in 
alcohol, from which it separates in old-gold needles, which darken 
rapidly above 180^^ and melt at 195° (corr.). 

Found: N = 25-3. 

C4H7N3,C(5H307N3 (326'2) requires N = 25’8 per cent. 

The henzylidene derivative was prepared by treating 0-23 orain 
of the hydrochloride in 5 c.c. of water with 0-4 gram of sodium 
acetate and 0*2 c.c. of benz aldehyde. On shaking vigorously, a 
solid product gradually formed. This was collected and waslied 
with water and ether, in which it is sparingly soluble. It dis- 
solves readily in alcohol, but less so in ethyl acetate, from whicliit 
separates in clusters of well-defined needles, which are anhydroui- 
and melt and decompose at 217° (corr.), gradually darkening in 
colour above 190°. 

Found: N==22’9. 

C17H17N3 (185*2) requires N=:22*7 per cent. 

The residual liquor from the separation of the 4-amino- 5 -mcthjl- 
glyoxaline picrate was reconverted into the hydrochloride and 
evaporated to dryness, when it left about 3 grama of a semi-solid 
mass, which yielded only ammonium chloride (TO gram) on crystsl- 
lisation from water or alcohol. It was dissolved in water there 
fore, chlorine determined in an aliquot portion, and the hydro- 
chloric acid in the remainder removed by the addition of the 
calculated quantity of freshly precipitated silver carbonate. The 
resulting solution was evaporated to a syrup, mixed with a little 
alcohol, and kept, when a-alanine gradually separated. This 
melted, without recrystallisation, at 287° (corr.), a synthetic speci- 
men melting at the same temperature in the same bath, and ihf 
mixture of the two showing no depression. The identity 
further confirmed by its reactions, analysis, and formation of tli« 
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copper salt (Found: C=40-l; H-8‘1; N = 15'4. CsHyOaN 
requires C=40*4; H = 7-9; N = 15*7 per ceut.). 

Strecker [Annalen, 1850, 75 , 36) found that the air-dried copper 
retained one molecule of water of crystallisation. More 
recently, Zelinsky and StadnikoS {Bcr.^ 1908, 41 , 2062) failed to 
confirm this, and described a salt with three molecules of water of 
ciystallisation. Both the acid obtained above and a synthetic 
specimen of undoubted purity yielded a copper salt with only one 
molecule of water of crystallisation (Found: Cu — 24-7. 
{^^jqg02N)2Cu,H20 requires Cu — 24-7 per cent.), and the salt did 
not gain appreciably in weight on keeping for several days in an 
atmosphere saturated with moisture. 

E eduction of 4:-^-Brom,ohenzeneazo-2-methjlghjo.mHne. 

13'2 Grams of bromobenzencazo-2-methylglyoxaline were tri- 
turated with 120 c.o. of cold hydrochloric acid and gradually 
treated with 72 c.c. of stannous chloride solution, the trituration 
being continued and the temperature maintained below 10°. The 
insoluble stannichloride which gradually formed was collected, and 
the residual liquor freed from tin and evaporated, leaving only 
0'3 gram of residue, in which ammonia and p-bromoaniline were 
identified. The insoluble stannichloride was dissolved in water, 
freed from tin, and the resulting solution evaporated to low 
bulk, when, on keeping, a quantity of minute needles separated. 
These dissolved readily in water, but more sparingly in 10 per cent, 
hydrochloric acid, from which they were obtained in clusters of 
glistening, elongated, rhombic prisms melting at 273° (corr.). 
Found: C=38 9, 39 6; H-S'O, 3-9; N = 13-65. 

0‘2031 gave 0'2178 AgCl + AgBr, 0'2208 being required. 
C,oHioON 3 Br,nCl (304-55) requires C-39'4; H = 3-65; N = 13-8 
per cent. 

The corresponding hojie is precipitated as a mass of minute, 
jolourless needles on treating the concentrated aqueous solution 
of the hydrochloride with a molecular proimition of sodium hydr- 
oxide. It decomposes in warm aqueous solution or on exposure 
to the air. Dried at 60° in a vacuum, it appear.s to retain a 
molecule of water of crystallisation. 

Found; C = 42-l, 42-3; 11 = 4-4, 4';); N = 14'2; Br = 27-8. 
CioHi^ONsEr.Hp (286-1) requires C = 41-95; H = 4-2; N = 14-7; 

;Br = 27'9 per cent. 

The solution of the base gives no coloration with sodium diazm 
benzea6-p.sulphonate in sodium carbonate solution. After treat- 
meat with nitrous acid in acid solution, a pale yellow co our 
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develops on addition to sodium-jS-naphtlioxide. An ammon' 
solution of silver nitrate is reduced in the cold. With Fehlirnr 
solution, a bluish-green precipitate is formed, which becomes dar^ 
green on ^vanning. With sodium nitroprusside in presence of 
sodium hydroxide, a reddish-brown colour develops, which chano 
to green on acidification with acetic acid, and is discharged bv 
excess of the reagent. The aqueous solution reduces cold aqueous 
acid permanganate. The base reacts with benzaldehyde^ udti 
formation of a heiizijlidene derivative, which was not obtained b 
a crystalline condition. The properties and composition of the bajB 
point, therefore, to its being ^-rnethylA-[V <imino-b^ -hromopkemh 
b-glyoxalone (XII, p. 670). 

The jficrate separates from water in glistening, orange plate; 
which, when dried in the air, melt at 157° (corr.), sintering slit^htlv 
above 140°. It appears to contain two molecules of water of 
crystallisation, one of which is lost on drying at 60° in a vacuum 

Found: in air-dried material, N— 15-65; loss at 60° in a 
vacuum = 3’4. In dried material, N-16-2. 

requires N = 15'8. For loss of IHoO 
H 20 = 3-4 per cent. 

^ioHioC>X 3 Br,C 6 H 30 j]Sr 3 ,H 20 (515*1) requires N^16-3 percent. 

After the separation of most of the above hydrochloride, 
ammonium chloride began to deposit, and a careful fractionation 
of the mixture revealed that the two products were present in 
approximately molecular proportions. 


deduction of i-Benzeneazo-b-methylglyoxaline. 

3*7 Grams were triturated with 20 c.c. of hydrochloric acid and 
treated, as in the previous experiment, with 12 c.c. of stannous 
chloride solution. The insoluble stanni chlorides amounted to 
6 8 grams of moist material. Tin v/as removed, and the resulting 
solution evaporated under diminished pressure to low hulk, when 
the hydrochloride of the base, CgHjoONj {loc. cit., p. 2U\ 
separated, about 1-8 grams being obtained. The mother liquors 
eventually deposited ammonium chloride, and, on suitable treat- 
ment, yielded a small amount of aniline. The more soluble stanni- 
chlorides, when treated similarly, yielded a second hydrochloni(> 
which separated as a matted mass of minute needles, readily solubb 
in water but sparingly so in alcohol. After recrystallisation front 
10 per cent, hydrochloric acid, it darkened, but did not melt, at 
300°. About 1-2 grams were isolated. 
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pQund: C-46'2; H = 5-4i N-15-8; 01 = 26-6. 

CioHn^Ns^^HCl (262-1) requires C = 45'8; H = 5-0; N = 16-0; 

01 = 27-0 per cent. 

The solution of the hydrochloride was strongly acid to litmus. 
After treatment with nitrous acidj it gave a deep red coloration 
with sodium-^-naphthoxide. It gave no coloration with sodium 
dUzobenzene-T^-sulphonate in sodium carbonate solution. With 
sodium nitroprusside in presence of sodium hydroxide, a pale brown 
colour developed, which changed to green on acidification with 
acetic acid, and was discharged by excess of the reagent. Potassium 
prmanganate in cold acid solution, and ammoniacal silver nitrate, 
mere both reduced in the cold. The properties and composition of 
;lie compound indicate that it is correctly represented as 2-^-amino- 
nhmyl-^^('thylA-(jlyo;mlone (XVIII, p, 671 ). 

The hmzylidem derivative was prepared by treating 0’4 gram 
)f the hydrochloride, dissolved in 8 c.c. of water, with 0-45 gram 
)f sodium acetate and 0*4 gram of benzaldehyde. The oily, yellow 
product, which became crystalline on stirring, was collected and 
ivashed with water and with ether, leaving O'd gram of material, 
this decomposed on bo-iling with water, and dissolved only sparingly 
h alcohol and ethyl acetate. It was dried at 60^ in a vacuum for 
^nalysis, and then melted at 156° (corr.), softening above 153°. 
phe figures obtained indicated that it was the acetate of the mono- 
^eniylidene derivative. 

Found: C=^68-0; H = 5'5; N-12‘7. 

Ci 7 Hi 50 N 3 ,C 2 H 402 (337-3) requires C-67‘6; H = 5-7; N = 12'5 
per cent. 

: The mother liquors from the separation of the hydrochloride 
yielded small quantities of ammonia and aniline on suitable treat- 
henb. 


Condensatirm of Acetaldehyde with Phcwylcarbamide. 

This condensation has been carried out using various conditions. 
>r example, the phenylcarbamide was added slowly, with stirring, 
a large excess of freshly distilled aldehyde, or was suspended in 
^ohol and mixed with aldehyde or acetal in various proportions. 

&very case the same product was obtained — two molecules of 
e phenylcarbamide uniting with one of the aldehyde to form 
^y^idenehi$phenylcarh amide. This substance is practically in- 
ubie in water, ether, ethyl acetate, or benzene, and very 
Jringly soluble in alcohol, from which it separates as a felted 
i'S of silky needles melting at 220° (corr.). 



680 


MCKENZIE AND WREN I THE BEHAVIOTTR OF 


Found: C = 64'4; H = 6'4; N = 18*8j 18'9. 

CigHijOgNi (298-3) requires C = 64’4; H^6-2; N = 18'8 per cent. 

Attempts to obtain partial bydrolysis and subsequent ring closure 
were unsuccessful. 

Wkllcosie: Chemical Research Laboratories, ^ 

London, E.C.l. [Received, Mmj m, 1920.] 


LXXI. — The Behaviour of Optically Active Enter: 
on Hydrolysis. 

By Alex. McKenzie and Henry Wren. 

The first attempt made by one of us to effect an asyminetric 
synthesis (T., 1904^ 85, 1249) involved the use of Z-menthol as the 
activating agent, and was based on the following lines: 
CgHj'CO’COgH — Cf^H5*CO‘C02'C]^o^i9 ^ 

C6H5-CH(OH)-C02*CioHi9 ^ C,H,'CH(OH)-CO.H, 

The failure to realise the synthesis desired was due in this case, 
as was shown later, to the racemising influence of the alcoholic 
alkali used in the hydrolysis of the mixture of unequal quantities 
of the menthyl maudelates, 

In the light of recent research (T,, 1919, 115, 602), it was likely 
that the diastereoisomeric /-menthyl maudelates would b 
catalytically racemised during their hydrolysis, and this point 
was therefore now examined experimentally. The /unentliyl 
/-mandelate used had [aj^ -137'9^ in ethyl-alcoholic solution. Oi 
the two active complexes in this ester, the menthyl group under- 
goes with alkali no optical inversion, whereas inversion does occur 
with the mandelic group. Accordingly, on hydrolysing the ester 
with an insufficiency of alcoholic alkali, and then separating tk 
noil-hydrolysed ester, the latter was no longer homogeneous, and 
the value for [a]^ had fallen to -105°. A similar examination d 
the isomeric /-menthyl c/-inandelate gave an interesting resuk 
inasmuch as the catalytic racemisation of this ester led to t « 
production of a solid having a higher activity than that o f 
original ester; owing to the partial inversion of the c/-inandc 
group, the value for [a]j> in ethyl-alcoholic solution 
-9'3° in the homogeneous ester to -51 '9° in the mixture oi 
by the catalytic racemisation. The observation made j 

that, when either /-menthyl f/-raaiidelate or /-menthyl /-man « 
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is hy(irolysed by an excjesa of alcoholic alkali, the mandelic acid 
isolated is invariably largely racemised, is now shown to be attended 
by the catalytic racemisation of the esters during their hydrolysis, 
fte /'bornyl mandelates have also been investigated from the same 
point of view (seo experimental part). 

The asymmetric synthesis of ^-atrolactinic acid (T., 1904, 85, 
1049 ) was successfully accomplished in accordance with the follow- 
ing scheme: 


CA'CO'CO.H CaH,-CO-CO„*C„H, 


C.H, 








doni the mixture of unequal (quantities of the diastereoisomeric 
nenthyl atrolactinates, a mixture of unequal quantities of the 
inantiostereoisomeric atrolactinic acids with [a]j^ -9-5° in ethyl- 
tlcoholic solution was obtained after the complete elimination of 
,he menthol. The (^^acid was also asymmetrically synthesised (T., 
906, 89, 365), using pyruvic acid as the starting point: 


OHg-GO-CO^'OioH,, 
<-OH 




CH, 

c„h' 


>C<^, 


•OH 


Subsequent research has suggested that the success of those 
syntheses was due to the stability of the atrolactinic complex 
luring the hydrolysis of the menthyl esters, since the labile 
lydrogen atom in mandelic acid is absent in atrolactinic acid, the 
itable methyl group being present instead, with the result that 
iesmotropic change does not occur (T,, 1915, 107, 702). The 
lirect proof, however, that this is the correct interpretation was 
lacking, and it is now submitted in the present paper. /-Menthyl 
!-atrolactinate was accordingly prepared, and found to melt at 
5o‘5— 56^ and to have -102'7° in chloroform solution. After 
tydrolysis by an excess of alcoholic alkali, it gave practically pure 
Atrolactinic acid. Again, when the ester was hydrolysed with 
h.alf the quantity of alcoholic alkali requisite for complete hydro- 
lysis, the non -hydrolysed ester gave a value for [a]p, which was not 
far short of that for the pure ester. Further, the fractional hydro- 
lysis of /-menthyl (//-atrolactinate was examined in the expectation 
that the confusing results which have been obtained in other cases 
with esters containing mobile hydrogen atoms would not be 
encountered in this case. This expectation was realised, On 
partial hydrolysis, a Isevorotat-ory acid was obtained from the alkali 
talts, an indication that /-menthyl /-atrolactinato is hydrolysed 
VOL. CXVil* C 0 
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more quickly than is ^menthyl c^atrola^Unate. The non-hydro 
^sed ett&r should, therefore, contain an excess of the d-atro. 
lactiaate, which, on hydrolysis, should give a dextrorotatory acid 
and this was borne out by experiment. ‘ 

An examination of the hydrolysis of esters of the optically active 
a-hydroxy-j8-phenylpropionic acids was also included in the scope 
of the present investigation. We had previously shown (T., l9io 
97, 1355) that those acids can be interconverted, thus; 

(J-C,H5-CHj-CH(0H)-C0jH ^ (by PCI,) i-CsH,-CHj-cbci-CO,a 

I 

(by CaCOg and water) (by CaCOj and water) 

I , 

(J-0„H5-CH,-CHC1-COjH (by PCI,) ^ i-0„H,-CHj-CH(OH)-CO,H. 

The ease with which the pure hydroxy-acid could be prepared from 
its enantiostereoisomeride . was very striking in this case, and it 
was apparent that the racemisation phenomena which accompanied 
on so many occasions the Walden inversions investigated by one 
of us and his co-workers were much less pronounced than usual. 
It is, indeed, somewhat remarkable that in the study of the 
Walden inversion, racemisation occurs so frequently when the dis- 
placement is effected with compounds containing a phenyl group 
in direct attachment to the asymmetric carbon atom. Now, 
ti-hydroxy-)3-phenylpr op ionic acid has the phenyl group separated 
from the asymmetric atom by a methylene group, and to this 
circumstance may be ascribed the behaviour of this acid, to which 
reference has just been made. 

The type of racemisation with which one has to deal in con- 
nexion with reactions involving displacement of groups, whether 
accompanied with configurational change or not, is obviously 
different from the type when an optically active ester is hydrolysed 
with an excess of alcoholic alkali. An illustration of this differ* 
ence is afforded with compounds containing a tertiary asymmetric 
atom (T., 1910, 97, 1016). Complete racemisation occurs when 
the chlorine in ?-a-chloro-a-phenylpropionic acid is removed by the 
action of water, 


l- 


OH, 


■>c< 


Cl 

COjH 




C.H, 

CH, 


>C< 


OH 

COjH’ 


whilst a partly raoemised atrolactinic acid is formed by the action 
of water and silver oxide, 



Cl 

CO.,H 


r- and l- 




-OH 
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by th© action of nitrous acid on /-a*ainino-a-phonyl- 
propionie acid (T., 1912, 101 , 390), the resulting atrolac^ic aci(f 
quite inactive, 


U 


CH, 


®>C< 


NHg 

C0,H 


r- 




OH 

COgH* 


On the one hand, these examples show clearly that the absence 
of a mobile hydrogen atom in the a-position with respect to the 
carboxyl ^roup does not prevent racemisation coming into play 
during the interchange of groups provided that one of the groups 
attached to the asymmetric atom is the phenyl group. On the 
other hand, when the behaviour of an ester, such as ^menthyl 
/-ati'olactinate, towards alcoholic alkali is considered, it is now 
proved that the active atrol actinic acid can be recovered practically 


unracemised. 


The study of the hydrolysis of esters of optically active 
a-hydroxy-jS-phenylpropionic acid was accordingly made. Ethyl 
^a-hydroxy-jS-phenylpropionate, CgH 5 *CH 2 *CH( 0 H)‘C 02 Et, for 
instance, has a hydrogen atom associated with a hydroxyl group 
in the apposition relatively to the carbethoxy-group, and in this 
respect it resembles ethyl ?-mandelate, the behaviour of which on 
hydrolysis has been carefully investigated. On the other hand, it 
differs from ethyl Z-mandelate in not having its ])henyl group 
attached to the asymmetric atom. 

The action of an excess of alkali on c/ a-hydroxy-ZS-phenyl- 
propionic acid was accordingly examined, when it was found that 
the recovered acid was noii-racemisetl (table I), a behaviour 
different from that of ^-iriandelic acid (T., 1919, 115, 602). Ethyl 
/-a-hydroxy-jS-phenylpropionate was then hydrolysed with an excess 
of alkali, the results being recorded in table II, from which it will 
be seen that in each experiment the recovered acid was practically 
optically pure. Moreover, there was practically no catalytic 
racemisation on the partial hydrolysis of the same ester with 
alcoholic alkali, the non-hydrolysed ester having [a]^, -28*0^ in 
carbon disulphide solution, whereas the value for the pure ester is 
[a]o-28'8°. i-Menthyl £^-a-hydroxy-i8-pheiiylpropionate was also 
prepared and examined from the same point of view, in order to 
contrast it with ?-menthyl r^-mand elate. 

The difference between the behaviour of the esters of f-inaiidelic 
acid and ^a-hydroxy-j8-phenylpropiouic acid on hydrolysis is accord- 
iiigly pronounced. So far as racemisation comes into play in the 
hydrolysis of an optically active ester by alcoholic alkali, it is now 
clear that, although compounds of the type R’CH( 0 H)'C 02 R^ pre- 
sent a system prone to racemisation in virtue of the mobile 

0 0 2 
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hydrogen atom being in the a-position, this circumstance is not - 
itself a factor in promoting racemisation unless R is an aromati- 
residue in direct attachment to the asymmetric atom. In 
event of R being an aliphatic group, it may be argued that tlii- 
system would probably be stable, so far as racemisation by alkali 
is concerned, and there is a certain amount of experimental evidence 
in favour of this. For example, although it had not been fouap 
possible to effect the asymmetric synthesis of mandelic acid on the 
lines outlined at the start of this paper, a positive result -^as reached 
when the phenyl group was displaced by a methyl one, inasmuch 
as the asymmetric synthesis of M actio acid could be accomplislie^ 
by the agency of Z-menthol (T., 1905, 87, 1373), using pyruvic acia 
as the starting point, 

CHj-CO-CO.H CHa-CO-CO^-CioHjg -> 

CH3‘CH(0n)*C02-CigHi9 CH3-CH(OH)-CO.b, 

A similar result was obtained by the use of ^-borneol (T., 1906, 
89 , 688), whilst <^-lactic acid was asymmetrically synthesised k 
means of (^-amyl alcohol (T., 1909, 95 , 544). The influence of the 
phenyl group as compared with the methyl group is thus 
clearly, inasmuch as the diastereoisomeric Z-menthyl lactates are 
much more stable towards the racemising influence of alcoholic 
alkali than are the diastereoisomeric Z-menthyl mandelates, since 
from a mixture of Z-menthyl cZ-lactate and Z-meiithyl /-lactate con- 
tainiiig a preponderance of one of them, it was possible to obtain 
an optically active lactic acid when the ester mixture was com- 
pletely hydrolysed. 

jS-Hydroxy-iS-phenylpr op ionic acid and tropic acid are isomerk 
with atrolactinic acid and a-hydroxy-/3-phenylpropionic acid. The 
methyl ester of rZ-i3-hydroxy-j3-phenylpropionic acid, 
C6H5‘CH(0H)-CH2'C02H, 

gives the optically pure cZ-acid on hydrolysis with alcoholic 
potassium hydroxide (T., 1913, 103 , 112), and it will be noted thai 
the hydrogen atom associated with the hydroxy-group is in thi^ 
case in the j8 -position, a system which should be stable so far as 
racemisation of its esters on hydrolysis is concerned, even althougli 
a phenyl group is attached to the asymmetric atom. On the other 
hand, the reverse is the case with tropic acid, 
06tf5-CH(CH2-0H)-C02H, 

where we have a system which might be expected to _^ehav6 hlj 
jnaiidelic acid; Gadamer’s experiments on the racemisation of etb) 
^/-tropate on hydrolysis {J, pr. Chem.^ 1913, [iij, 87, 312) beai t 

out. 
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The behaviour on hydrolysis of the optically active esters of the 
various isomeric '' phenyhlactic • ' acids, namely, 

(^H) • COgTT, 

has thus been examined fairly completely. 


Experimental. 

Catdytk R<u-emhaii(m of flit Dyufereokoivcrk VMenilufl 
and dates. 

The 2-menthyl ?-mandelate used had [aJp-lST'S*^ in ethyl- 
alcoliolic solution. Ten c.c. of the solution of sodium in ethvl 
alcohol employed for its partial hydrolysis required M’S c.c. of 
OdOld' -sulphuric acid for neutralisation, and of this solution, 
83 c.c. were added to a solution of the ester (7-2 grams) in 100 c.c. 
of ethyl alcohol, After twenty-two hours at the ordinary tempera- 
ture. 130 c.c. of ethyl alcohol were removed from the neutral liquid 
])v distillation, and 1‘1 grams of sodium salt separated on cooling. 
The acid obtained from this was a mixture of r- and ?-mandelic 
acids with [a]p -53® in ethyl-alcoholic solution, the pure ?-acid 
having [a]^ about -152° in the same solvent. After the removal 
of the sodium salt, the filtrate was evaporated, and the menthol 
separated from the residue by distillation iu a current of steam. 
The residual solid ester (2*7 grams) gave. [aj^^-lOo® (r-1'6) in 
ethyl-alcoholic solution. The solution of sodium salt from which 
the ester had been separated w-ag then acidified, and the resulting 
mandelic acid gave [a]^, —81*9° in eth 3 d- alcoholic solution. 

An examination of the isomeric ^menthyl rf-mandelate with 
[a],) -9*3° in ethyl-alcoholic solution was next made. Six grams 
were dissolved in 96 c.c. of ethyl- alcoholic potassium hydroxide 
(0*1077A), the amount calculated for complete hydrolysis being 
192*1 c.c. Thereafter, the liquid wa-s kept for two days at the 
ordinary temperature, the ethyl alcohol was removed from the 
neutral solution, and water was then added. The mixture of the 
non-hydrolysed ester and the menthol was then extracted with 
ether, whilst the mandelic acid was obtained from the aqueous 
residue in the customary manner. The fact that the recovered 
acid had [a]j^+91-2° in aqueous solution indicated the presence 
it of a considerable quantity of the racemic acid. From the 
ethereal extract containing the non-hydrolysed ester and menthol, 
the ether was removed, and the oil distilled in a current of steam 



686 


MCKENZIE AND WREN ! THE BEHAVIOtTR OE 


to separate the menthol. The recovered solid ester, whict ! 
qnite free from nncomhined menthol, gave [aj^ -51*9^ 
in ethyl-alcoholic solution, 


CataJ^ytk Hacemisatian. of the Diastereoisomeric VBornyl 
Mandelates. 

The ?-bornyl Z-mandelate used had [a]^ -86-0° in ethyhalcohor 
solution (T., 1907, 91, 789). Nineteen c.o. of an ethyUlcoliolic 
solution of potassium hydroxide (0’65327V') were added to a soh 
tion of 7-05 grams of the ester in 100 c.c. of ethyl alcohol. The 
solution was treated as already described for the menthvl 
^^mandelate. The recovered mandelic acid had Hd “106'2® in 
aqueous solution, whereas the optically pure acid has a value about 
50° higher than this. As was expected, the rotation of the 
recovered ester was less laevorotatory than that of the homogeneous 
ester, the value obtained being [a]^ -58-0° in ethyl-alcoholic 
solution. 

When a similar experiment was carried out with 1-bornvl 
^T-mandelate, the non -hydrolysed ester had a dextrorotation Ie?s 
than that of the original ester, which had [aj^ + 23'0° in ethvl- 
alcoholic solution. The ester (10 ’3 grams) was dissolved in 146 e.e, 
of ethyl alcohol, and 28 c.c. of ethyl-alcoholic potassium hydroxide 
(0-6532 A) were added. The recovered mandelic acid had [a]j, 
-f-105'5° in aqueous solution, whereas the non -hydrolysed ester had 
[a]j) +15‘3° in ethyl-alcoholic solution. 

We are indebted to Miss Isobel Agnes Smith for carrying out 
these experiments with the bornyl mandelates. 


Hydrolysis of VMeyithyl \-A trolactinate. 

Z-Atrol actinic acid (T., 1910, 97, 1016) was esterified hy heating 
on a boiling- water bath for fifteen houi^ with l-meuthol and a 
small quantity of concentrated sulphuric acid. The crude solid 
ester was finally crystallised from light petroleum at the tempera- 
ture of a freezing mixture of ice and salt. 

\-Menlhyl Vatrolartinate, H ’ separates fro® 

light petroleum in colourless, silky needles, and melts at 55-5—56®. 
It is readily soluble in this solvent at the ordinary temperaturf, 
and it is also readily soluble in the common organic solvents: 
0-1200 gave O' 3300 CO^ and 0*0997 HoO. C=75'0; H=9’3. 
CJ 5 H 28 O 3 requiree C = 74*9; H = 9*3 per cent. 
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Its specific rotation was dotcmiined in tho following solvents: 

(a) Acetone: 

c=l'982, -74-7°. 

(h) Ethyl alcohol : 

^ = 2, 0=1-2741, al^-2'30o, [a® ^90-3°. 

(c) Chloroform : 

2 = 2, c=l-4215, alj-2'92°, - 102-7°. 

Complete Hydrolysis vdth Ahoholk The ester (I'S 

(Trams) was dissolved in 40 c.c. of ethyl-alcoholic potassium hydr- 
nxide (0'202jV), the amount calculated for complete hydrolysis 
being 26 c.c. After four days at the ordinary temperature, the 
acid was isolated, and its rotation when determined in ethyl- 
alcoholic solution showed that no racemisation had occurred during 
the hydrolysis. The value was [aj^ ~37-2'° (c^ 1-398). The 
optically pure acid has [a]jj -37'7°. 

Partial Hydrolysis with AkohoUc The ester (1'9 grams) 

was dissolved in 16 c.c. of ethyl-alcoholic potassium hydroxide 
(0'193A), the quantity calculated for complete hydrolysis being 
32-4 c-c. After twenty-four hours at the ordinary temperature, the 
treatment was similar to that adopte<l in the experiment with 
/-menthyl c^-mandelate. The residual ester was not appreciably 
hydrolysed during the prolonged distillation in a current of steam 
when the menthol was being removed. 

The recovered ester gave [aj^^ -99‘8° (c = l'988) in chloroform 
solution. 

The recovered acid melted at 114'5 — 116° (the pure /-acid melts 
at 116 — 117°); its rotation in ethyl- alcoholic solution gave [a]^ 
~36-l° (c = l-733). 

The optical activity is impaired during the distillation of 
hnieuthyl ^atrolactinate under diminished pressure. After being 
distilled twice (b. p. 187-5— 188’5^/n mm.), it readily solidified, 
and then melte^i indefinitely at 41 — 51°, whilst its rotation in 
chloroform solution gave a low value, namely, [a]^ —91 6°. This 
product was accordingly hydrolysed with an excess of ethyl- 
alcoholic potassium hydroxide, and the acid, which was isolated in 
the usual manner, had -31-0°. It appeared probable that 
the ester had undergone partial racemisation under the influence of 
heat. 


Fractional Hydrolysis of \-Menthyl d\'Atrolactinaie. 

\-Menthyl d\~ati’olactinate^ prepared by the esterification of 
anhydrous r-atrolacbinio acid by heating with menthol and a small 
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quantity of concentrated sulphuric acid on a boiling-water 
for twenty-dve hours, is a colourless oil which boils at 194—194.^0 
11 inm. : 

0 1329 gave 0’3663 CO 2 and 0-1119 HgO. C = 75'2; n--9-4. 

CigHggOg requires C = 74'9; H = 9‘3 per cent. 

The following determinations of its specific rotation were made- 

(a) Carbon disulphide: 

^-2, c = 2-408, a5,-2-69^ [ 0 ]^^ -- 55-9°. 

(b) Benzene: 

1^2, c = 2-1225, ag-2-7P, [a]lf-63-8°. 

(c) Acetone: 

1=2, c = 2-039, alt~2'70o [a]L' -66-2o 

(d) Chloroform : 

1 = 2, c-2-014, -2-80° [a]l!~G9'5^ 

(e) Ethyl alcohol : 

1 = 2, c = 2-3955, a]'’~3-45^ [ 0 ]!^' -72-0°. 

A solution of the ester (2 grams) in 20 c.c. of ethyl -alcoholic, 
potassium hydroxide (0'93A) was boiled for one hour, the amount 
of alkali requisite for the complete hydrolysis being 7-1 c.c. The 
acid isolated was optically inactive. 

The fractional hydrolysis was conducted with 4 grams of the 
ester to which 7*1 c.c, of ethyl-alcoholic potassium hydroxide 
(0’93A) were added, this being half of the amount necessary for 
complete hydrolysis. Boiling of the sohition was maintained for 
two hours. The acid obtained from the potassium salt after 
separation from menthol and menthyl esters amounted to 0-8759 
gram, and it had [a]j, -1-7° in ethyl -alcoholic solution. The 
hydrolysis of the residual menthyl esters was then completed with 
15 C.C. of ethyl-alcoholic alkali (0’93A). The resulting acid 
(0*8394 gram) was dextrorotatory, having [a]j3+2'3° in ethyl- 
alcoholic solution. 


Acdon of Potaf!sium Hydroxide on, ^‘a-Hydroxy-^-yhmyl- 
p'opionic Acid. 

(f-a-IIydroxy-jS-phenylpropionic acid (T., 1910, 97 , 1355) was 
treated under various conditions with an excess of potassium hydr- 
oxide dissolved in water or in ethyl alcohol. The solution waa 
then neutralised, water added, and the ethyl alcohol expelled, Th< 
recovered acid was examined polarimetrically in ethyl-alcoholif 
solution. The pure ^^-acid has [a]p +18'5° (loc. cti.). 
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Table I. 


O’gS Grain of acid was taken in each experiment. In order to 
aeutralise this, 5*4 c.c. of alkali (0'93iV') are required. 


AlkaU (0-93iV), 
()0 c.o. aqueous. 

60 c.c. alcoholic. 


Conditions. 

15 days at ord. temp. 
20 hours at 70®. 

15 days at ord. temp. 
20 hours at 70®. 


[a]u of recovered acid. 
+ 18-3® (c = 3-24) 
18-3® (<; = 3-44) 
18-0® (c-3'U) 
18-2® (c = 3-49) 


Uydrolysk of Ethyl Va-Hydroxy-^phenylp-opionate, 

The Z-acid was converted into its ethyl ester, which, after crystal- 
.bation from light petroleum (b. p. 60 — ^80°), gave the value [ajir 
-23'1° in benzene solution, whereas the value previously quoted 

Wo -22*6° (T., 1911, 99, 1922). A somewhat higher value is 
)htained when carbon disulphide is used as the solvent: 

?=2, c=2*306, a\] -1-33°, [a]|^ - 28*8'^. 

Complete Hydrolysis . — The results obtained by hydrolysing the 
?ster with a slight excess of aqueous or alcoholic alkali are expressed 
n the following table. 

Table II. 




Alkali 


Ester. 


required. 

[a]„ of recovered 

Srama. 

Alkali. 

c.c. Conditions. 

acid. 

1’0247 

6-2 c.c. aqueous 

5-7 3 hours at 70®, 

-17-9® (c = 4 04) 


(0-93A). 



3-8696 

10 c.c. alcoholic 

4-8 1 day at ord. temp. 

18-0® (c=-2*67) 

3-8696 

(0-93A). 


10 c.c. alcoholic 

4-8 24 hours at 70®, 

17-9° (c = 2-28) 

3-9957 

(0-93A}, 

47 C.C. alcoholic 

46*4 3 hours at 70® 

II 

db 


(0-1105A). 

Partial Hydrolysis with Alcoholic Alkali. — The ester (4 grams) 
A'as dissolved in 94 o.c. of ethyl -alcoholic potassium hydroxide 
0*U05A), the Quantity required for (M>mpl6te hydrolysis being 
L87 O.C. 

The solution was divided into two equal parts : (o) Kept at the 
>rdiuary temperature for twenty-four hours, at the end of which 
ime the solution was neutral. The alcohol was removed by 
evaporation, water added, and the non-hydrolysed ester extracted 
'^ith ether. The aqueous solution was then acidified, and the 
lydroxy-acid extracted with ether. The recovered ^ter gave the 
[a]^ -28*0° for c=3*889 in carbon disulphide solution, whilst 

0 0 * 
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the recovered acid gave [a]jj -17’ 8'^ for c= 3*262 in ethyl-alcolioij^, 
solution. 

(&) Heated at 70^ for five hours. The recovered ester kad 
[a]i, -28*3° for c= 2*226 in carbon disulphide solution, whilst the 
recovered acid had [aj^— 182° lor c = 3'777 in othyl-alcohoHc 
solution. 


Hydrolysis of \-Menthyl d-a-Hydroxy-^-phenyliwopimiate. 

^7-a-Hydroxy-i8-phenylpropionic acid was esberified by heatinj 
with Z-menthol for seven hours at 120 — 130° in an intermittent 
current of hydrogen chloride. The resulting ester was separated 
from acid and menthol, and purified by crystallisation from light 
petroleum (b. p. 40—60°). 

\~M en thyl d-a-hydro xy-^-ph e nylproimna le, 

C,H,-CH2*CH(OH)-C02’CioH,9, 

separates from light petroleum (with which it readily forms super 
saturated solutions) in matted aggregates of silky needles ; it h 
readily soluble in the hot and sparingly so in the cold solvent. It 
is also readily soluble in the common organic solvents. It rnek 
at 63—63*5°: 

0*1114 gave 0‘3070 CO^ and 0*0923 H^O. C— /5'2; H— 9’3. 

Ci^H^gOs requires C = 74*9; H^9*3 per cent. 

The specific rotation was determined in various solvents: 

(n) Benzene: 

Z-2, c-1-4005, al‘-0*76°, [a]*' -27*1° 

(6) Chloroform : 

?^2, c-2-697, al'--l*99° [apr-36*9°. 

(c) Acetone: 

/ = 2, c-0-871, a^-0-86°, [a]^-49*4°. 

The ester (1*1 grams) was dissolved in 40 c.c. of ethybalcoholk 
potassium hydroxide (0-1105A), the amount calculated for coin- 
plete hydrolysis being 33 c.c. After eight hours at 70°, the aw 
was isolated. It melted at 121—123*5° whereas the pure (i-aciii 
melts at 124—125°. That very slight raceraisatiou had occurred 
during the hydrolysis is indicated by the somewhat low value^w 
the specific rotation in ethyl-alcoholic solution, namely, [cJdtI''-'' 
(c = 2*586). 

University College, Dundee, 
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LXXII * — The Use of o.^-DichlQrovinyl Ethyl Ether 
for the Production of Ghloroacetates and Acid 
Chlorides. 

By Holland Ceompton and Paule Latjre Vandeestichele. 

The production of ethyl chloroacetate, and eventually of ch loro- 
acetic acid, by the action of water on ajB-dichlorovinyl ethyl ether 
las been the subject of a large number of patents. By using dry 
lydrogen chloride in place of water, chloroacetyl chloride is 
)btained (D.R.-P. 222194), and Imbert found (D.R.-P. 212592) 
hat dichlorovinyl ethyl ether and ethyl alcohol react, with the 
production of ethyl chloroacetate and ethyl chloride: 

CHClicci-OEt + Eton = Cn^Cl-COoEt + EtCl. 

[le also states that methyl chloroacetate is formed if methyl 
ilcohol is used in place of ethyl alcohol 
We find that aj3- dichlorovinyl ethyl ether enters into a large 
Qumber of reactions of the above type. It is attacked, and usually 
with great readiness, when heated with alcohols, phenols, or acids. 
Action is of two kinds : 

^ CH^Cl-COaH + EtCl (1) 

CHCi:CCT-OEt + IlOH 

OHgClCOyEt-bPCl (2) 

and it seems likely that an additive compound, 
CH2Cl*CCl(OEt)-OR, 

is first formed, which decomposes into the products (1) and (2). 
Our experience is that alcohols give the products of both reactions, 
but that (1) predominates, except in the case of methyl alcohol. 
Phenols give the products of (1) only, and usually in excellent 
yield. Acids react mainly in accordance with (2), the products 
Mng ethyl chloroacetate and an acid chloride. The yields are 
jvariable, bub it would appear that reactions of the above type 
could be used in certain cases for the production of chi oro acetates 
cr acid chlorides. 

To prepare ajB- dichlorovinyl ethyl ether, sodium is di^olved in 
ilry alcohol in sufficient quantity to form a saturated solution of 
sodium ethoxide. Trichloroethylene is then added in the propor- 
tion of one molecule of trichloroethyleue to one and a-half atoms 
>f sodium. Heat is applied until action commences, when further 
bating is unnecessary. The product, when cold, is mixed with 
I large volume of distilled water, and the oil which separates is 
hashed, dried with calcium chloride, and rectified. The main 

C 0* 2 
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portion distils at 122—126°, and tliis is nearly pure dichlorovi 
ethyl ether. The yield is about 70 per cent, of the theoretical^^ 

For the action on alcohols or phenols, the substance was emplo -B^ 
in as dry a state as possible and mixed with the ether ip ■ 
valent quantity. Heat was applied to start the reaction 
further heating was often unnecessary, except towards the end 
the process. In other cases, however, heat had to be apnl'^ 
throughout to maintain the reaction. The products were separated 
by fractional distillation, or, where possible, by crystallisation 
The chloro acetate of the alcohol or phenol radicle was finally 
identified by analysis. Ethyl chloroacetate was recognised b 
heating the appropriate fraction with aniline, thus forming the 
characteristic ester of phenylglycine. 

The results with methyl alcohol were not in accordance with 
Imbert's statement. Ethyl chloroacetate waa the main product, 
and methyl chloroacetate was only produced in relatively smai] 
quantity. Ethyl alcohol gave the expected excellent yield of ethvl 
chloroacetate. woAmyl, heptyl, allyl, and menthyl alcohols yvere 
each found to yield the chloroacetate of the alcohol radicle but 
ethyl chloroacetate was also formed in these cases. With glycerol 
and mannitol, no uniform product could be obtained. 

All the phenols examined gave good yields of the aryl chluro- 
acetate, but in no case was ethyl chloroacetate detect^. The 
compounds dealt with were phenol, o-cresol, guaiacol, a- and 
j8-naphthol, resorcinol, and quinol. The two latter compounds 
gave the bischloroacetate.s, ^-Najphthyl chloroacetate, CjjHgO.Cl, 
which has not been previously described, crystallises in small, 
colourless leaflets melting at 95°. It dissolves readily in k 
alcohol, and is much less soluble in the cold. 

The monobasic adds, the behaviour of which with dichlorovinfl 
ethyl ether was examined, were acetic, chloro acetic, phenylacetie, 
benzoic, anisic, and a- naphthoic. In most cases action occurred 
readily on heating, but it was necessary to apply heat continuously 
throughout the process. Some hydrogen chloride was evolved in 
each case, but ethyl chloride was only observed in the case oi 
anisic acid and of naphthoic acid. Ethyl chloroacetate was always 
present as the chief product of the reaction. The acid cHoride 
formed at the same time was isolated in a pur© state in the reao 
tions with acetic, chloroacetic, and benzoic acids. In the othe 
cases, the acid chloride was not obtained pure, but its presence 
was indicated by the immediate production of the correspoudin’ 
amide on treating the appropriate fraction with ammonia. 

Two dicarboxylic acids, oxalic and succinic, were also dealt witli- 
Ethyl chloroacetate was formed in quantity in each case, but the 
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acid chloride was not obtained, succinic acid being almost entirely 
converted into succinic anhydride. This may be explained by the 
reaction taking place in stages, the monocliloride of the acid being 
lirst formed. The monochloride of oxalic acid, as Staudinger hal 
pointed out 1908, 41 , 3358), is extraordinarily unstable and 
decomposes at once into hydrogen chloride, carbon monoxide, and 
carbon dioxide. ^ The monochloride of succinic acid would naturally 
pass into succinic anhydride. 


BEPrOBD COLLBCE, 

Regent’s Park, N.W. 1. 


[Hemvcd, March M, 1920.] 


LXXin.—Mect7’olysts of Hydrogen Bromide in Liquid 
Sulphur Dioxide. 

By Lancelot Salisbuet Bagster and George Cooling. 

The work to be described in this paper was suggested by some 
results previously published by Bagster and Steele (2 Vg«. Farada,, 
1912 8 , 51), who found that, although dry solutions of 
hydrogen bromide in liquid sulphur dioxi.le were practically non- ^ 
rorducting the addition of water, which itself in solution is also 
non-conducting, allowed current to flow freely, hydrogen beinv 
hscharged at the cathode and bromine at the anode, whilst water 
*as carried from anode to cathode and deposited there. The 
xinclusion drawn^ was that combination between the two solutes 
preceiled conduction, and comparison with the similar behaviour 
)f organic compounds led to the suggestion that the water and 
•ydropn bromide united to form an oxonium compound which 
electrolytic in character. 

The present work was undertaken in order to examine the 
uture of this phenomenon carefully, and in particular to obtain 
luantitative information regarding the products formed during 
tetrolysis and regarding the compound from which the products 
alternative explanation to that already 
y It may be suggested that a simple hydrate type of com- 
'ouiid IS formed analogous to CuSOj.SH.O, and that the deposition 
' at the cathode is brought about during electrolysis by the 

of the hydrogen bromide holding it in solution. The experi- 
0 a evidence, howevoi, renders this suggestion untenable. 

® experiments to be described were carried out at the 
^“iperature of boiling liquid ammonia, which was used as 
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refrigerant. The solutions were prepared and the ^perimeuij 
carried out in large teit- tubes immersed in the ammonia contained 
in Dewar flasks. The tubes were closed by rubber stoppers cartv- 
ing the electrodes and tubes for introducing the gaseous sulphur 
dioxide, which condensed to liquid at the temperature of tb 
ammonia. Water was placed in the tube before placing the Utbr 
in the ammonia. The water remained as a solid at the bottom 
of the test-tube after the introduction of the sulphur dioxide, but 
on passing gaseous hydrogen bromide into the liquid, two layers 
were formed, the lower one consisting of a solution of snlpbur 
dioxide and hydrogen bromide in water, and the upper one of a 
solution of water and hydrogen bromide in sulphur dioxide. 

In the course of preliminary experiments, it was found that if 
the upper layer were syphoned off and used for the electrolysis, the 
current soon fell in value, whilst no water was deposited at the 
cathode, sulphur being liberated there in quantity. When the 
lower layer was allowed to remain in the vessel during the electro- 
lysis, the current maintained its initial value, whilst water 
appeared at the cathode, very little sulphur being deposited. The 
water deposited at the cathode collected as small drops, which fell 
to the bottom of the apparatus. 

The probable explanation of the need for the presence of the 
second layer is that it serves to maintain a saturated solution, acd 
that otherwise the solution near the electrodes becomes depleted 
of water and hydrogen bromide, a different type of reaction then 
setting in. In the electrolysis experiments to be described, the 
second layer was present, but the electrodes were so arranged that 
conduction and electrolysis took place in the upper solution with 
the sulphur dioxide solvent. 

Two series of quantitative investigations were carried out, 
namely^ (1) solubility determinations, and (2) determination of 
the quantity of water deposited at the cathode. In both cases Ihf 
following method of analysis was adopted for the mixtures anc 
solutions obtained, which contained water, sulphur dioxide, ana 
hydrogen bromide. The sample was introduced into a weighed 
vessel, and most of the sulphur dioxide and some of the hydrogen 
bromide boiled off at a temperature below 0®, the gases beins 
absorbed in sodium hydroxide solution. The bromide and sulpht^ 
in the hydroxide solution were determined by standard method!- 
Trial showed that the water was not appreciably distilled an* 
could be estimated in the residue, ffor this purpose, a weig «« 
quantity of concentrated sodium hydroxide solution was addri*^ 
the already weighed vessel containing the water and 
sulphur dioxide and hydrogen bromide, the vessel then being ^ 
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A determination of the bromide and sulphite in the 
solution enabled the water to be calculated by difference. Tests 
\yith known quantities of the oonatituents showed that the method 
was accurate to about 1 per cent. 

por the solubility determinations, the solutions were prepared 
by adding excess of water to the sulphur dioxide and passing into 
the liquid varying amounts of hydrogen bromide. The solutions 
were well shaken and allowed to settle, the dear, upper layer being 
syphoned off for analysis. The results of the analyses are given 
in the following table: 

Dissolved in 


Hydrogen 

bromide. 

Water. 

Gram-moL of 
hydrogen 

Gram-mot of 

X grama of 
sulphur 

Gram. 

Gram. 

bromide. 

water. 

dioxide. 

0-568 

0126 

0-0070 

0-0070 

10-2 

0-970 

0-214 

0-0120 

0-0119 

15-6 

0435 

0-096 

0-0054 

0-0053 

11-0 

0-650 

0-145 

0-0080 

0-0080 

9-7 


It will be seen that the water and hydrogen bromide are found 
ill the solutions in equimolecular proportion, and as water itself 
is but sparingly soluble in sulphur dioxide, it may be concluded 
that a compound, H^O,TfBr, is formed. Whether this compound 
is an oxouium derivative or a simple hydrate can be decided from 
ohservatioii during electrolysis. If the deposit of water at the 
cathode were formed by precipitation of dissolved water as tbe 
Jiydrogen bromide holding it in solution was destroyed by electro- 
lysis, a similar deposit should appear at the anode. In no case 
jB’as the slightest indication of such deposit observed, and it may 
|be concluded that a true oxoniiim compound is formed : 

H,0 + IIBr - ^>0<“ , 

iind as the hydrogen and water liberated during electrolysis both 
appear at the cathode, this compound must ionise as follows: 



he HgO'^ ion losing its charge at the electrode during electrolysis 
md forming hydrogen and water. 

This formula and mechanism of reaction have been previously 
luggested by Bagster and Steele, but no quantitative evidence was 
wailable, and the formula adopted was based on speculation. It 
Pas also shown in the paper referred to that h’ararlay s law holds 
or solutions in sulphur dioxide, and it is to be expected that the 
Pater and hydrogen liberated will correspond with the quantity 
•f silver deposited in a silver voltameter. It was shown, however. 
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that in case of the hydrogen this expectation was not realisg^j 
and further careful experiments lately carried out gave no Vtter 
result. As the solutions were always coloured yellow, probatlv 
by traces of bromine, it is probable that the hydrogen 
destroyed by reaction at the electrode. The water deposited, hoif. 
ever, has Wn estimated, and found to correspond closely with the 
quantity predicted by the theory put forward. For this deter- 
mination, the cathode consisted of a platinum wire sealed throuoh 
the bottom of a glass tube, the deposited water being collected b 
a small glass cup suspended underneath. At the end of the 
experiment, the cup was transferred to the weighed vessel and its 
contents analysed, as already d^ribed. 

Two experiments were carried out, with the following results; 


Silver in 
voltameter. 
Gram. 


Water 

deposited. 

Gram. 


Milligram 
equivsdent of 
silver. 


Milhgrain 
equivalent of 
water. 


0120 0’022 Ml 1-22 

0-224 0-037 2-08 2-06 


It will be seen from the results that one equivalent of water is 
liberated at the cathode in the sulphur dioxide solution for even- 
equivalent of silver deposited in the voltameter. This is the result 
to be expected if the explanation offered as to the mechanism ol’ 
reaction is correct. 

This work has seemed of sufficient importance to publish, as ; 
is probable that similar compounds exist in aqueous solutions t 
halogen hydrides, quite apart from hydrates of the ordinary typ 
and that they may take part in the electrolysis and reactions ( 
such solutions. 


The University of Queensland, 

Brisbane. [Recdved, May Uf, 1920.] 


LXXIV . — Some Properties of Benzanthrone. 

By Arthur George Perkin. 

During some experiments with benzanthrone, attention wa 
arrested by the deep blood-red coloration which it yields wbei 
dissolved in concentrated sulphuric acid. As the addition 
water to this solution reprecipitates quantitatively unchaugf^ 
benzanthrone, there thus seemed evidence of the formation of ^ 
oxonium salt. On diluting the acid solution with acetic acid, (if 
by adding sulphuric acid to benzanthrone dissolved in acetic aflJ- 
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however, no insoluble compound of this nature could be isolated. 
In attempting again to prepare a ferrichloride by the addition of 
anhydrous ferric chloride to an acetic acid solution of benz- 
anthrone, diluted with a few drops of hydrochloric acid, only the 
unchanged substance separated on cooling, hut on reducing the 
amount of hydrochloric acid to a minute proportion, red needles 
were at first deposited, although these gradually became yellow 
owing tt> re-conversion into benzanthrone. Ultimately, it was 
ascertained that, by avoiding the addition of hydrochloric acid, the 
desired compound could be readily prepared. To a solution of 
0-5 gram of benzanthrone in 20 c.c. of glacial acetic acid, 0*5 gram 
of anhydrous ferric chloride in the minimum of boiling acetic acid 
was added. The deep brown liquid, on partial cooling, became 
semi-solid, owing to the separation of red needles of the ferrir 
chloride, and these were collected, washed with acetic acid, and 
dried at 100^^. As the product on treatment with, water was 
readily converted into benzanthrone, this reaction was employed 
for analytical purposes. 

Found; 69-5, 69 8; Fe = 8-80] 01^217. 

(Ci7HjoO)2nF6Cl4 requires C^^HjoO-eO-S; Fe = 8-49; Cl = 21-54 
per cent. 

The stannichloride, prepared from benzauthrone (1 gram), acetic 
acid (15 C.C.), and fuming stannic chloride (1 gram), gave in a 
Similar way a deposit of bright red needles, which when dry had 
a scarlet appearance. As the substance is apt to darken and 
become viscid when dried at 100*^ while moist with acetic acid, it 
was preferably submitted t6 a preliminary treatment in a vacuum. 

Found: 64 23, 64-24. 

(C47Hj(,0)2SnCl4 requires C27 HiqO- 63'8 per cent. 

The platinichloride separates at once as a brick-red, semi- 
crystalline deposit, and this is also readily dissociated by water. 

Found: C47Hjf,0-53-4; Pt-22-85. 

(Cj7Hn,0)2H2PtClg requires — 52-88; Pt — 22'42 per cent. 

Having thus a.scertained that benzanthrone readily yields salts 
[>f this character, it appeared interesting to study the behaviour 
of one or other of its hydroxy-derivatives in this respect, and 
certain of these are briefly described in the patent literature 
(Badische Anilin- & Soda-Fabrik, D.R.-P. 187495). Whereas 
benzanthrone is prepared by the action of glycerol and sulphuric 
icid on anthranol, the hyioxybenzan thrones are obtained in a 
similar way from the hydroxyanthraiiols, and that which is 
described as being produced from the 2 -hydroxy-compound was 
selected at first for experiment. Fallowing the directions given 
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for the preparation of this compound, the product consisted of a 
greenish-black powder, and could not, apparently, be crystallised 
It was ascertained, however, that if a concentrated alcoholic ex- 
tract of the material is poured into much ether, the ms^n inipuri-ty 
separate as a dark -colon red, viscid mass, and that when the clear 
liquid, well washed with water, was evaporated, the hydroxy- 
compound remains as nodules in a comparatively pure form, poj. 
complete purification it was acetylated, and the crystals obtained 
by diluting the acetic anhydride solution with alcohol were re- 
crystallisetl from a mixture of alcohol and acetic acid until thev 
possessed the correct melting point of 200—201°. 

When, for the purpose of hydrolysis, the acetyl compound, dis- 
solved in boiling acetic acid, was treated with a few drops of 
sulphuric acid, scarlet needles, evidently the sulphate of the 
hydroxybeiizan throne, soon separated. These were collected, 
washed with acetic acid, and dried at 100°. 

Found: C-59-04; H = 3-37. 

Ci 7 HioO<,,K^S 04 requires C^59'30; H“3'48 per cent. 

On treatment with water, the sulphate is at once converted into 
the free hydroxybenzanthrone, a substance which is not readilv 
crystallised, although from nitrobenzene it could be obtained a? 
minute, microscopic needles. 

Employing the haloid acids for the hydrolysis of the acetyl com- 
pound, oxonium salts could not be isolated. 

Metha.xyhenzanthrone was readily obtained by suspending the 
hydroxybenzanthrone in methyl alcohol and adding methyl 
sulphate and methyl- alcoholic potassium hydroxide until no colour 
change was produced by the latter. It was isolated from the solu- 
tion by means of water, washed with dilute alkali, and purified by 
crystallisation, first from alcohol and subsequently from benzene. 
The fine, yellow needles obtained in this way melted at 198’ — 199^, 
and dissolved in both nitric and sulphuric acids, with the form- 
ation of green, fluorescent liquids. 

Found: C = 83'27; H = 4'6. 

C^gH320j requires C=83'07; H = 4'6 per cent. 

When a boiling acetic acid solution of mcthoxybenzanthrone is 
treated with a little sulphuric acid, fine, scarlet needles of the 
sulphate separated, and these were collected and washed with 
acetic acid. 

Found: 72*02; S = 8‘79. 

requires Ci8Ei202 = 72-62; S-8-93 per cent, 

The hydrohromuh and hydrochloride were obtained in a simiUr 
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manner as rod needles, but, being unstable at 100°, were not 
submitted to analysis. 

The ferrickloride, prepared by means of anhydrous ferric 
chloride and acetic acid without using hydrochloric acid,* separated 
immediately in fine, red needles. These, after being collected 
while hot and washed with acetic acid, formed a maroon -coloured 

* The formation of the metallic oxoniiim salts here described is iixtereatings 
IS addition of hydrochloric acid in these cases ia unnecessary and indeed 
objectionable, at least in the case of its aqueous solution. That required 
[or reaction evidently originates from the conversion in part of the metallic 
chloride by means of the acetio acid either into acetate or chloride- acetate, 
rhat such a method of procedure is generally adaptable for this purpose 
appeared likely and experiment has shown that it can be successfully employed 
for the preparation of oxonium salts of this character from certain xanthone 
and dav^one derivatives. Thus euxantlione diethyl ether in boiling acetic 
acid solution gives a 'platinichloridi;, as an orange-coloured, glistening mass of 
dat needles or leaflets readily dissociated in contact with warm water. 

Found: Pt = 19‘92, 

(CijHi504)2H2PtCl6 requires Pt-^19'93 per cent. 

The ferrickloride consists of long, orange-yellow needles, 

Foimd: ; Cl = 29-39. 

Ci,HiB04,HFeCl4 requires C, jHigO*-- 58-79 ; Cl ==29-39 per cent, 

Apigenin triethyl ether ferrickloride forms orange-yellow needles, somewhat 
soluble in hot acetic acid. 

Found: 78-02. 

(CaiHjaOsjaHFeCli requires per cent., 

and the pJ-atinichloride separates in minute needles of a similar colour. 

Found; Pt=17-33. 

(CjiH^jOsljHjPtClg requires Tt=: 17-44 per cent. 

Luteolin tetraethyl ether platinichloride is first deposited in the amorphous 
condition, but this gradually becomes crystalline when the boiling is continued 
for a short period. 

Found: Pt=16-5. 

(C23H2g08)2H3PtC]B requircs Pt=16-18 per cent. 

Myricdin hexaethyl ether platinichloride separates in glistening, orange, 
coloured, rectangular plates. 

Found: Pt= 14*15. 

(CgjHgjOgjaHjPtCJlj requires Pt=14'U per cent. 

Luteolvi tetraethyl ether ferrickloride, (a) evidently (CjjIT^eOjlaHFeCli, and 
the corresponding myricetin salt, (6) (C27Hj408)2HF6Cl4, both crystallise in 
orange-coloured needles, but, being somewhat soluble in acetic acid, hardly 
separate until the solution is cold. On tins account these and other readily 
goluble compounds of the same charocter could not be isolated in a completely 
pure condition owing to the simultaneous deposition at this temperature of 
a trace of uncombined ferric salt. The yields of the regenerated ethyl ether* 
obtained by means of water were thus too low. 

Found : (a) C23H2805— 70-8. Calc. 80-0 per cent. 

Ih) Cj 7H8408=67-5. Calc. 83-0 per cent. 
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glistening mass, and were readily decomposed in contact 
water. 

Found: CiqHj202 = 72-40. 

(C 5 gHj, 02 ) 2 HFeCl 4 requires C 4 gHj 202 = 72'32 per cent, 

The platimchlorye, similarly obtained, was scarlet. 

Found: Pt=21-26, 

(^18^12^2)2^2^^01(5 requires Pt— 20’97 per cent. 

When methoxybenzan throne dissolved in acetic acid was treated 
with chromic acid, an energetic reaction occurred, and by addinw 
water to the solution, a small amount of a crystalline precipitate 
separated. This was collected, digested with hot dilute ammonia 
and the extract neutralised with acid. On keeping, colourless 
hair-like needles were deposited, and these, on heating, sintered 
at 265° and melted at 274 — 275° with evolution of gas. It at 
first suggested itself that this compound, which is evidently a 
m-methoxyanthraquinone-o-carboxylic acid, would be of service for 
ascertaining the position, apparently unknown, of the hydroxvl 
group in this and other hydroxybenzan thrones. Such an idea 
was, however, abandoned, as no account could be found in the 
literature of 7?i -hydroxy an thraquin on e-ocarboxylic acids, prepared 
by other methods, which might be identical or otherwise with the 
acid in question. Again, the yield of the latter was far from 
satisfactory. 

In considering the constitution of this hydroxybenzan throne 
derived from 2 -hydroxy an thranol, four distinct positions, namelv, 
2, 3, 6, 7 (I), for the hydroxyl group at first appear applicable. 

/\ 

I I CO 

* I I 111 ' 

\/\/\y \AcoA/ 

CO 

(I.) (11.) 


On the other hand, as it seems certain that the benzan throne con- 
densation proceeds similarly in the case of other hydroxy anthranol?. 
the matter is in reality less complex. Thus the fact that l-hydr- 
oxyanthraquinone (II) or the corresponding anthranol yields, 
according to the literature (loc. cit.), an hydroxybenzanthrone of 


,Ay> 

\/\co/\/ 


(III.) 


*\AcoA/ 

-» OH 


(IV.) 
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very similaj" propertiee to that derived from 2 -hydroxy an thra- 
renders the position 2 impracticable for the hydroxyl 
group present in the latter. Again, by a similar reasoning, the 
position 3 is not applicable, in that a dibydroxybentanthrone can 
te prepared also from quinizarin (IV) or its lencocompoufid (^oc. 
cit]- Such being the case, the hydroxybenzanthroue under dis- 
cussion, originating from 2-hydroxyanthranol, must contain the 
hydroxyl group in the position 6 or 7. 

It appeared possible that a solution of this question might be 
arrived at from a study of the o-dihydroxybenzanthrone which 
has been obtained by the action of glycerol and sulphuric acid on 
deoxyalizarin (the anthranol corresponding with alizarin), and the 
examination of this compound was also of interest in that only a 
meagre account of its properties is to be found in the patent 
literature {loc. cit.). 

The product, obtained in the usual manner by the interaction 
of deoxyalizarin, glycerol, and sulphuric acid, which consisted of 
a black, resinous powder, was extracted with alcohol, the extract 
evaporated to a small bulk, and poured into much ether. The 
clear liquid, decanted from a deposit of tarry impurity, was 
repeatedly washed with water and evaporated to dryness. The 
residue, which consisted of crystalline specks admixed with resinous 
matter, was triturated two or three times with a little ether, 
collected, and washed with the same solvent. The dull reddish- 
orange product was now digested with boiling acetic anhydride, 
the solution diluted with alcohol, and, after keeping overnight, the 
crystals which had then separated were collected and recrystallised 
from acetone. 

Found: C = 73-08; H = 4-27. 

CoiHi^Og requires C = 72-83 ; 11 = 4 05 per cent. 

This diacetox^henzanthrone, which has not been previously 
described, consists of pale yellow needles melting at 199 — 201*^. 

AVhen a boiling solution of this compound in acetic acid is treated 
with sulphuric acid, the liquid becomes blood-red, and dark maroon 
needles of the sulphate of dihydroxybenzan throne soon separate. 
These, when dry, appear almost black and closely resemble 
naphthazarin in appearance. In contact with water, they are 
slowly decomposed, being converted into minute, orange -red needles 
of the dihydroxy- compound. 

Found: Ci.Hio 03 = 72‘02; S = 8*79. 

Cj 7 Hjo 03 ,H 2 S 04 requires C]7H^^03=72-7T; S = 8'88 per cent. 

The hydrohroTnuUj which is obtained in a similar way from the 
acetyl compound, separates in glistening, hair -like needles of a 
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deep maroon colour. On heating at 100®, it is slowly decoinpog^ 
and was therefore analysed indirectly by decomposing the product 
still moist with acetic acid by means of water, and estimating tta 
regenerated dihydroxy-compound and the hydrobromio acid thus 
produced. 

Found: 0-6495 gram of which corresponds with 0‘85(i3 

gram of CnHioOgjHBr, and bromine equivalent to 23-28 per 
cent, of the latter. Theory requires Br=23'32 per cent. 

The hydrochloi'ide and hydriodide were also prepared. These 
closely resembled the hydrobromide, but were not analysed. 

The dihydroxybenzanthrone obtained by the hydrolysis of the 
acetyl derivative crystallised from alcohol, in which it is sparingly 
soluble, in minute, orange^red plates or leaflets, melting and decom- 
posing at about 309—310®. 

Found: C = 78-l; H = 4-07. 

Ci 7 H]^()Og requires C — 77-86’ II — 3-81 per cent. 

This compound, for which the name henzaUzarifi is suggested, 
and is here referred to as such, resembles alizarin itself in many 
of its properties. It is soluble in concentrated sodium hydroxide 
solution with a pure blue colour, and this, on dilution with much 
water, gradually becomes dull violet, and finally brown, owing to 
oxidation. Addition of barium chloride to the blue alkaline solu- 
tion causes the precipitation of the barium compound as a violet 
powder. Sulphuric acid dissolves it with a crimson, nitric acid 
with a bluish-violet, and alcoholic ferric chloride with a yellowish- 
brown, tint. Dyeing experiments, employing mordanted woollen 
cloth, indicated that benzalizarin dyes with this material shades 
which, with the exception of that given by the iron mordant, are 
identical in character with those given by alizarin itself, although 
they possess a slightly more orange tint. 

Cr. Al. Sn. Fe. 

Alizarin Maroon, Dull orange- Bright reddish- Dull bluish- 

red. orange. maroon. 

Benzalizarin ... Browner Dull reddish- Bright orange. Brownish- 

maroon. orange. black. 

The methylation of benzalizarin by means of methyl iodide ami 
alkali was now studied in the hope that insight would thus he 
gained as to the exact position of its hydroxyl groups. Although 
it was at on© time considered that by the use of these reagents it 
was not possible to methylate an hydroxyl group in the ortho- 
position with respect to a carbonyl group, this, at least in the case 
of colouring matters of the xanthone and flavone types, has now 
been shown to be incorrect (T., 1913, 103 , 1632). On the other 
hand, there is no doubt that the carbonyl group does here exert 
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gome steric hindrance, and in any case methylation of the hydroxyl 
ffcoup adjacent thereto is not effected except by using a consider- 
able excess of iodide and alkali. 

A mixture of benzalizarin (2 grams), methyl alcohol (30 c.c.), 
aud methyl iodide (12 c.c.) was heated to boiling, and a solution 
of 2-5 grams of potassium hydroxide in methyl alcohol added drop 
by drop during some hours. Crystals, evidently of the mouomethyl 
ether, soon separated, but these dissolved as the operation pro- 
ceeded. After two days, the excess of methyl iodide was removed, 
and the crystals which separated were collected, washed with water, 
and recrystallised from acetone, employing animal charcoal. 

Found: C-78’6; H=4-7; Me-lOl. 

Ci 7 Hs ^(^^^)2 requires 78-62; H=4-82; Me = 10“30 per cent. 

It was found necessary to carry out the Zeisel determination in 
two stages {a and 6), owing to the fact that the demethylated 
ben^^alizariu, even in the presence of acetic anhydride, separated 
as a spongy, colloidal mass, and enveloped a certain amount of 
niiattacked or partly attacked substance. Thus, after two and 
a-half hours' digestion, methyl iodide ceased to be evolved, and 
the product, washed with .sulphurous acid, dried, and ground, was 
again submitted to the action of hydriodic acid. 

Found: (n) Me = 9-13; (h) Me~0'97 per cent. 

The regenerated benzalizarin, when acetylated, gave the acetyl 
compound, melting at 199 — 201°. 

Tn this first experiment, although obviously an excess of alkali 
was employed, the reaction appeared to be at an end when less 
than half the amount had been added, and a second trial was now 
carried out in the same way, but using a solution of only 1 gram 
of commercial stick potassium hydroxide* in methyl alcohol. The 
product, isolated as in the former instance, weighed 2'02 grams, 
and only a trace of partly methylated substance soluble in alkali 
was present. 

DimMhoxyhenzanthronc crystallises from acetone in yellow 
needles melting at 139 — 141°, and is soluble in sulphuric acid with 
ail orange-red colour devoid of fluorescence. It readily yields 
oxonium salts, and of these the fiulphate, which crystallises in 
scarlet needles, was not analysed, owing to lack of material. 

The 'platiiiichlopule separates from acetic acid in small, red, 
glistening prisms. 

Found: Pt=19-91. 

(Ci9lIi403)2n,PtClc reiiuires Pt = 19-70 per cent. 

* The theoretical amount of pure potassium hydroxide requirod was 
0-85 gram. 
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The ferrichloride consists of gli stoning j red needles. 

Found: Cj 9 Hi 403 = 74*34. 

(Ci 9 H| 403 ) 2 HF 6 Cl 4 requires Ci 9 Hj 403 = 74'45 per cent. 

For the sake of comparison with benz alizarin, alizarin itself was 
submitted to the action of methyl iodide under similar conditions 
to those given above, with the result that, as was to be anticipated 
little or no methylation occurred, only a small amount of mono- 
methyl ether being thus produced. 

There is, accordingly, considerable difierence between the 
behaviour of these two colouring matters in this rt^pect, and there 
is strong probability, therefore, that as benzalizarin can be so 
readily methylated with methyl iodide, it cannot contain an 
hydroxyl group in the ortho- position with respect to the carbonyl, 
It will thus have the constitution (I), and from this the position 
of the hydroxy-group in the hydroxybenzan throne (II) discussed 
in this paper will naturally follow. 

HO 

HOpV 

\/\ 

(. 

(I.) (11.) 

Such being the case, it is very interesting that the dyeing 
properties of benzalizarin should so closely resemble those of 
alizarin. The latter are assumed to result from its possession of 
two hydroxyl groups in the ortho -position relatively to one another, 
one of which is adjacent to a carbonyl group. Based on this view, 
an ortho- quin on oid structure (I) for the alizarin lakes has been 
proposed (T., 1899, 75, 433), but in case the constitution of benz- 
alizarin given above receives full support, a paraquinonoid form 
(II) \vould prove more applicable. 


1 ? 

|/\| “yV 

CO 

0" Y> 



OH 

(I-) 

(II.) 


The latter has, indeed, been previously suggested for the blue 
alkali salts of this colouring matter. The fact that beuzan throne 
and its hydroxy-derivatives give salts of an intensely coloured 
nature is interwting, in that, as these are presumably oxomum 
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their formation can only originate from the oxygen 
of the carbonyl group. Snch a reaction is more usually associated 
ith substances containing pyroiie and analogous nuclei, and in 
these instances it is usually assumed that it is the basicity of the 
oyrone oxygen that comes into play. Salts of this character do 
for instance, appear to be producible from acetophenone, 
lenzophenone, or their hydroxy- derivatives. On the other hand, 
fhen the carbonyl group forms part of a six-membered ring, as in 
tenzanthrone, there is apparently further evidence that its basicity 
, increased. Thus, in case solution of a compound of this 
latute in sulphuric acid is accompanied by an intense colour, and 
iddition of water precipitates the unchanged substance, it is 
•easonable to suspect the formation of an oxoiiium salt.* 

Whether the latter condition is fulfilled in all the substances 
iiere cited is, however, uncertain, but presuming this to be so, 
fhree compounds described by Baeyer, namely, phenylbydroxy- 
inthranol (I), hydroxyphenylhydroxyanthranol (TI), and phenol- 
plithalidin (III) (Annalen, 1880, 202, 58), which contain a nucleus 

TIo'c.Hs HO'^CsHi'OH nhii 

(L) Ul) (III-) 

(IV) similar to that present in benzanthrone. are interesting, as 
they are described as yielding in this way purple, red, and purplish - 
violet colorations respectively. 

Such a property is not shown by aiitliranol itself, and this may 
be due to the fact that in sulphuric acid solution it is present 
entirely in the enolic condition (Y). Possibly, again, compouiuls 

\.\/ 

ii 1 i ' I 

(IV.) (V.) 

containing tlie carbonyl group in a five-membered ring may be 
reactive, tor bcnzoyiHiiorenoue (VI) (Gotz, 3{onatsh., 1902, 23, 
30) dissolves in sulphuric acid with a rerldish-yellow tint. 

Such colour changes are also given hy compounds iu which the 
carbonyl group is present in an open chain and adjacent to an 
unsaturated linking, and is, indeed, the property of numerous 

* It is singular, however, that the hydrocarbon carotene, C„H„, dissolves 
in sulphuric add with an indigo -blue colorationt 
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sfcyryl methyl ketone (dialkone) derivatives. Moreover, oxoiiinnj 
salt-formation in the case of styryl methyl ketone, 
CHvCO*CH:CHPh, 

itself seems certain, in that Baeyer and Villiger 1901, 34 

2695) obtained therefrom the platinichloride, 
(C,oH,oO)Jl2PtCle,2H,0, 

in the form of yellow prisms. Curcumin (I), again, as is well 


r^TT ^C0*CH:CH-C«H3(0H)-0Me 
'^"2\cO-CH:CH-CyH3(OH)’OM6 
(I-) 


CeH,<®°>C:CHPl, 

(II.) 


known, dissolves in sulphuric acid with an intense red tint, whereas 
colour changes of this character are also given by certain deriv 
atives of benzyl id eneindandi one (II). An investigation is in pro. 
gress with the object of obtaining more definite information ag tc 
the formation of oxonium salts in the case of these and allied 
compounds. 

In connexion, again, with the present investigation, experiments 
were carried out to determine whether compounds of this charaebr 
could bo prepared from alizarin dimethyl ether, but, employinof 
acetic acid for this purpose, no evidence of oxonium saltrfomriatioTi 
could be observed either with mineral acids or anhydrous meUllic 
compounds. On the other hand, it has been found that if rufigallcl 
is stirred into concentrated sulphuric acid, maroon-col oxired, 
glistening, prismatic needles soon appear, which evidently consist 
of a sulphate. These may be collected on glass wool, bat all 
attempts to remove adherent sulphuric acid without simultaneously 
dissociating the substance have hitherto been unsuccessful. Glacial 
acetic acid alone or admixed with acetic anhydride rapidly causes 
the production of bright red rufigallol, and even sulphuryl chloride 
gradually effects the same colour-change. It seems possible, how- 
ever, that rufigallol methyl ether may furnish compounds of this 
character sufficiently stable for analysis, and experiments on this 
point are about to be undertaken. 


A Tithraqninonerl-caThoxyUc A cid. 

As benz an throne appeared to be a useful source of this acid fw 
laboratory purposes, experiments were carried out in order to 
ascertain the best conditions for this purpose, and the following 
method was adopted. 

A solution of 2 grams of benzan throne in 20 c.c. of boiling 
acetic acid was slowly treated during three hours with a solution 
of 10 grams of commercial chromic acid in 20 c.c, of 50 per cenf 
acetic acid. The product, when diluted with hot water, deposit 
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rystals, and, after keeping ovemigkt, these were collected. The 
Itrate, which contained some quantity of the anthraquinonecarb- 
.xylic acid in solution, was treated with sufficient sulphuric acid 
0 convert tie chromium into sulphate, evaporated to dryness, the 
esidue extracted with water, and the crystals were collected. 
(.091 Grams of the substance were thus isolated, which, how- 
contained chromium, and this was removed by treatment 
fith 5 c.c. of sulphuric acid at 100® and subsequent precipitation 
vith water. The product was dissolved in boiling dilute ammonia 
md the solution filtered, when, on acidification, the carboxylic acid 
^15 obtained in almost colourless needles melting at 286 — 288 °, 
ind weighing 1-8320 grams (Found: C = 71 ‘ 47 ; H = 3 - 35 . 
requires C = 71 ' 43 j H = 3-17 per cent.). 

By recrystallisation from ten times its weight of nitric acid 
(D 1 ‘ 42 ), and diluting the product with a little water, the pre- 
paration, which thus lost approximately 5 per cent, of its weight, 
melted at 291 — 292 °. 


on a Froduct of the Destrifctive Distillation of (Sodium 
A nth raquinone-^-mlphonaU . 

Many years ago it was shown (A. G. and W H. Perkin, T., 
1885 , 47, 679 ) that when sodium anthraquinoiie-B-sulphonate is 
destructively distilled, there is produced, in addition to some 
quantity of anthraquinone and 2 -hydroxyanthraquinone, a small 
amount of an orange-coloured substance. To the latter the 
formula C28Hj40g was then assigned, and from this, by progressive 
oxidation, two colourless compounds, represented as C28H44O7 and 
Cj4Hg04, could be obtained. A further investigation of this sub- 
ject was contemplated from time to time, but for the lack of a suit- 
able apparatus capable of dealing with a large amount of the 
sulphonate, this has until very recently remained in abey- 

ance. Although originally unsuspected, it has been known 
for some time that the compound to which the formula 

C28H,40g was assigned contains a small amount of sulphur. 
As a consequence, there can be little doubt that its true 

formula is C28HJ4O4S, and with this the carbon and hydrogen 

analyses given in the paper are in full agreement. It is likely 
that this substance is in reality a thiodi anthraquinone, 
(01411702)28, and, should this be the case, the formulas of its oxida- 
tion products will thus be C28H]40r,S and C.28H14O8S, and their con- 
stitutions naturally follow. It is interesting to note that in its 
reaction with sulphuric acid and , general properties the former 
compound closely resembles the thiodianthraquinone prepared by 
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the interaction of 2-chloroanthraquinone and 2-thiolanthraquinojjg 
(Farhenfabriken vorm, F. Bayer & Co., D.R.-P. 274357), 
further examination of thetje compounds and the study of a similar 
product from sodium anthraquinone-a-sulphonate, are ’in progress. 

This statement has appeared necessary on account of a brief 
allusion to these compounds in a paper by Scholl, Schwinger, and 
Dischendorfer {Ber.^ 1919, 52 , [B], 2260), and the opinion, "Man 
kann sogar in Zweifel sein ob sie einheitliche Verbindungen in 
Handen gebabt baben/' there given. 

Clothworkebs’ Research Laboratory, 

The University, Leeds, [Received, May Uh, 1920.] 


LXXV.—n-Biityl Chloroformate and its Derivatives, 

By Frederick: Daniel Chattawav and Edouard Saerens. 

n-Biitf/l cMorof(yrmate, Cl-C0.2’C4Hg, is best prepared by passing 
carbonyl chloride into cooled 7i-butyl alcohol until the calculated 
increase in weight is reached, and fractionally distilling ih 
product. 

It is difficult to separate the chloroformate from the unchanged 
w-butyl alcohol, and the yield is not large, as in the repeated frac- 
tional distillations necessary a considerable amount reacts with the 
alcohol to form di-n-butyl carbonate. If the first fractionations 
are slow, a distillate is frequently obtained which contains only 
this and n-butyl chloride. 

n-Butyl chloroformate is a colourless, mobile liquid of a sharp, 
but pleasant, odour; the vapour attacks the eyes. It boils at 
137- 8'=’/ 734’ 5 mm., and has Df 1’074 and V417, 

It is only slowly hydrolysed when heated with water, in which it 
appears to be insoluble : 

0-2587 gave 0*2725 AgCl. Cl = 26’05. 

CjHgO^Cl requires Cl = 25’97 per cent. 

Di-«-butyl carbonate, (C 4 H 9 ). 2 C 03 , was originally prepared by 
Lieben and Rossi 1873, 165 , 112) by heating 'n-butyl 

iodide with silver carbonate. The quantity obtained was veu 
small, as much A“-butylene and di-w -butyl ether are producet^ in 
the reaction. 

It is always formed in small amount during the fractionation 
in the preparation of 7 i-butyl chloroformate, and is easily obtainfQ 
in quantity by passing carbonyl chloride into hot n-butyl alcohol 
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boiling ^i-butyl chloroformate with about twice the equivalent 
amount of 7i-butyl alcohol, and fractionating to separate any un- 
changed alcohol and the 7^- butyl chloride formed. Di-^t-butyl 
carbonate is a colourless, mobile liquid of a somewhat pleasant 
jjinell) which boils at 207^/745 mm. 

When «-butyl chloroformate is heated with any alcohol, it gives 
the corresponding alkyl ?i-butyl carbonate. The isolation of these 
alkyl TT-hutyl carbonates in a pure state by fractional distillation 
is generally tedious, as both the dialkyl carbonate and di-7i-butyl 
carbonate are formed as well as the mixed ester, otherwise their 
preparation offers no difficulty. To avoid so far as possible the 
actions by which these by-products are formed, it is best to add 
the equivalent amount of the alcohol to boiling 72-butyl chloro- 
formate. 

Metk?jl n-hutyl carbonate, C^Ug'O'CO'OMe, is a colourless, 
mobile liquid having a sweet smell, somewhat recalling that of 
amyl acetate; it boils at 150- 5°/ 745 mm. : 

02154 gave 0-4301 CO.^ and 0-1769 H,0. C-54-46; H = 919. 

C^Hj 203 requires C = 54-50; H = 9T5 per cent. 

Ethi/l n-hutyl carbonate, C^Hg’O’CO'OEt, is a colourless, mobile, 
svceet-smelHng liquid, which boils at 168-5°/ 748 mm.; 

0-1757 gave 0-3693' COg and 0-1507 HoO. 0-57*32; H-9-60. 
requires C — 57-49; 11 -9-65 per cent. 

ii-Propyl n-butyl carbonate, C^Hg'O’CO'O'CaHy, is a colourless, 
mobile liquid having a pleasant smell, ana boils at 187'5°/ 
755 mm. : 

0-1688 gave 0-3703 COo and 01517 H.,0. C-59-83; H-IO'OS. 

C 3 Hjg 03 requires C-59‘9o; H- 10-07 per cent. 

7 i-Butyl chloroformate reacts very readily and energetically with 
ammonia and with amines to form n-butyl carbamates. In the 
case of ammonia, it is sufficient to shake vigorously the chloro- 
formate with concentrated aqueous ammonia. W ith the amines 
ii is best to add an ethereal solution of the base mixed with an 
equivalent amount of pyridine to an ethereal solution of the equi- 
valent quantity of -ji - butyl chloroformate. The n-butyl carbamates 
are, as a rule, coloiiiless, well -crystallised compounds readily soluble 
in alcohol or other ordinary organic solvents. 

r\-Butyl carbamate, C 4 H 9 - 0 -C 0 -NH. 2 , is very readily soluble in 
alcohol, and crystallises in long, colourle^, flattened prisms, which 
melt at 54^ ; 

0-1814 gave 0-3402 CO.i and 0*1527 HoO. 0 = 51-14; H = 9-42. 

CjHiiO.N requires C = 51-24; H = 9-47 per cent. 
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i;\-Uutyl phenylcarhamate, C^Hg’O^CO’NHPh, carystallises 
long, oolourl^, flatt^ued prisms, whicli melt at 65 ‘5*^; 

0*2543 gave 0*6381 COg and 0*1740 H2O. C=68'*43; 

CiiHi 502N requires C = 68*35; H = 7'83 per cent. 
li' Butyl ochlorophenylcarhamate, C4H9*0’C0*NII*CgH^CI, is an 
oily liquid boiling at 235 — 240*^/ 60 mm., which does not solidify on 
keeping or when cooled in a freezing mixture: 

0*3513 gave 0*2160 AgCl. 01 = 15*21. 

CiiHiiOgNCl requires 01 = 15:58 per cent. 
n-Butyl-\)-chlorophenylc(i?'bamate ci'ystallises in colourle,« 
flattened, apparently rhombic, prisms, which melt at 72*^: 

0*2346 gave 0*1492 AgCl. 01 = 15*73. 

CnHiiOsNOl requires 01 = 15*58 per cent. 
ri’Butyl 2 : i-dichlorophenylcai'hmMite, C^Hg’O’CO’NH'CgHgCh 
crystallises in colourless, very slender prising, which melt at 48^: 
0*2070 gave 0*2261 AgCl. 01=27*02. 

CjiHia02NCl2 requires 01 = 27*06 per cent. 
n-Bittyl 2:4: ^-trichlorophmiylcarhatnate^ 

C4Hg‘0-C0*NH‘C6H,Cl3, 

crystallises in slender, colourless prisms, which melt at 60^^: 
0*2236 gave 0*3252 AgCl. 01 = 35*98. 

CjiHi^O^NClg requires 01 = 35*88 per cent. 
n- Butyl m-hromophenylcarbamate, CiHg’O’CO'NH’Cgll^Br, 
crystallises in colourless, transparent, four-sided rhombic plates 
melting at 37*5*^: 

0*2425 gave 0*1669 AgBr. Br = 29*29. 

Ci^Hj^OgNBr requires Br=29*38 per cent. 
n-Butyl p-hroniopheni/Icarhamate crystallises in compact, colour- 
less, rhombic prisms, which melt at 67® : 

0*2424 gave 0*1670 AgBr. Br=29*32. 

CiiHj^OjNBr requires Br= 29*38 per cent. 
n-Butyl 2:i~dihromophenylcarhamnte, C4H9*0*C0'NE*CgH3Bq, 
crystallises in ve^ry slender, silky, hair -like prisms, which melt at 
61*5®: 

0*2130 gave 0*2278 AgBr. Br = 45*51. 

CiiHi30oNBr2 requires Br = 45*54 per cent. 
n-Buiyl 2-chloroA-hromophenylcarbamatey 

C4Hg*0*C0-NH-C6H3BrCl, 

crystallises in very slender, hair-like prisms, which melt at 52®: 
0-1913 gave 0'2061 AgCl + AgBr, Calc. : 0-2066 AgCl + AgBr. 
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1^-iodopheni/lcarhamate, C^Hg-O-CO-NH-CgHJ, crystal- 
lises ill long, colourless prisms, which melt at 72^^: 

0 3048 gave 0-2232 Agl. I ==39*58. 

C^Hj^O^NI requires 1 = 39-78 per ceut, 

n-Buti/l o-tol^lcarbamate, C4Hg‘0*C0*NH*C^H4Me, crystallises 
iu colourless, slender prisms, which melt at 45 ■ 5°: 

0 2173 gave 0*5534 CO., and 0*1596 H,0. 0 = 69-45; H-8-22. 

C12H17O2N requires C = 69-51; H = 8-27 per ceut. 

^~tol?jlcarbamate crystallises in stout, colourless prisms, 
which melt at 63° ; 

0-2345 gave 0*5983 COg and 0*1722 ILO. C = 69*58; 11 = 8*21. 

C12H17O2N2 requires 0 = 69-51; 11 = 8-27 per cent. 

Tee Queen’s College, 

Oxford. [Received, May 1920 .] 


LXXVL — Isomeric Phthalylhydyazidts. 

By Frederick Daniel Chattaway and William Tesh. 

Two isomeric phthalylphenylhydrazides have been described, one 
yellow and crystallising in two enantiotropic modifications, the 
other colourless. The yellow compound has been much studied and 
the transition point of its polymorphs determined; its colourless 
isomeride has received less attention, and the conditions under 
which it is produced are still imperfectly understood. For con- 
venience, the isomerides have been designated a- and jS-phihalyl- 
phenylhydrazide, and the constitutions 

C«H.<“>N-NHPh and 

o-Phthalylpheriylbydrazide jS-Phthalylphenylhydrazide 

(yellow) . (colourless) . 

liave, with some justification, been assigned to them. 

hairs of isomerides similar in constitution and properties to 
these have been obtained by the action of alkyl iodides on the 
sodium salts of the phthalylhydrazinic acids, obtained by dissolving 
|fiq)hthalylphenylhy dr azide in an alcoholic solution of sodium 
[cthoxide, for example : 
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C„H4<®^N-NHPh 


p „ ^CO'NH-«HPi, 

W^4\c02Na 



r w ^CO-NAlk-NHPh 
'^6«4‘\o02H 

4^ 


C,H,< 


CO'NAlk 

CO-NPh 


C,H,<“>N-NPUlk 


Although the a-phthalylhydrazides undergo no noticeable trans- 
formation when heated in sealed tubes to temperatures below tbo^e 
at which decomposition and gas evolution occur, those having a 
hydrogen atom attached to the nitrogen atom carrying the ary! 
group are gradually transformed into the correspoiidiiiL' 
/3-isomerides when heated to about 210*^ for some hours with 
glycerol or when boiled for a similar period with the equivalent 
amount of sodium ethoxide dissolved in alcohol, thus: 

PO rO'NH 


E X PE aiM ENTAL. 

a- and ^-Phthalylphenylethfflhi/drazules, 

C 6 H 4 <p°>N-NEtPh and 

a-. 8-. 

a-Phthalylphenylhydrazide was dissolved in an alcoholic solution 
of an equivalent amount of sodium ethoxide, rather more than an 
equivalent amount of ethyl iodide added, and the mixture heated 
in a sealed tube to 120° for twelve hours. A brown mass was pro- 
duced, which was dissolved in alcohol, and steam passed through 
to remove the solvent alcohol and an excess of ethyl iodide. The 
solid product remaining was dissolved in boiling alcohol, and, on 
cooling, yellow crystals of a-phthalyl/phenykthylk 
separated. The filtrate w^as concentrated and cooled, when 
^-jihthaJ^yiphenylethyjlhydrazide crystallised in white needles. 
Each was then several times recrystallised from alcohol. 

The yellow ct*compound dissolves readily in boiling alcohol, and 
crystallises in long, yellow, flattened prisms melting at 134°; 

0-2337 gave 21 o.c. No (moist) at 15 -8° and 764'5 mm, N-10'13. 

CiqHiiOoNo requires N - 10-52 per cent. 
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Yhe colourless ^-compound is very readily soluble iu boiling 
aJcohol, and crystallises in colourless needles melting at 109° : 

0 1979 gave 17-8 c.c. No (moist) at 11-6° and 756 mm. N = 10-61, 
The yellow a-pbtbalylphenylethylhydrazide was also prepared by 
heating an alcobolic solution of a-plithalylphenylhydrazide with an 
equivalent amount of ethyl iodide iu the presence of an equivalent 
mount of zinc oxide. In this experiment, none of the colourless 
-compound was formed. 

To establish the constitution of the yellow o-form, phenylethyl- 
ydrazine was prepared from monoethylaniline, and an alcoholic 
jhition heated Vi^ith phthalic anhydride. 

The a-phthalylphenylethylhydrazide prepared in this way was 
lentical with the yellow compound melting at 134 °. 

The ^-phthalylphenylethylhydrazide (m. p. 109°), prepared as 
hove* is certainly identical with that obtained by Ilotte (7. pr. 
Ikem., 1887, [ii], 35, 265) by heating ethyl iodide with a solution 
,f jS-phthalylphenylhydrazide in alcoholic potassium hydroxide, 
le describes it as crystallising in white needles melting at 
,05-^106°. We have always, however, found the compound to 
nelt at a slightly higher temperature, namely, 109°. 


a- and ^-Phthalylyhmpl-n propylhydrazides, 


C«H,<p°>N-NPr*Ph 


and 




CONPi- 
CO-NPh ■ 


These compounds were prepared exactly as the ethyl compounds, 
w heating a slight excess of ?z-propyl iodide with a solution of 
Dhthalylphenylhydrazide in an alcoholic solution of sodium 
Jthoxide for sixteen hours to 125 — 130°. 

a-Phthalylphenyl-Ti-propylhydrazide is readily soluble in alcohol, 
md crystallises in bright yellow, small, in’egular rhombs, which 
iielt at 110°; 


0‘3126 gave 26-5 c.c. N, (moist) at 13*8° and 760 mm. N^9-96. 
^ 17 ^ 1002^2 requires N=:10‘0 per cent. 

^-Phthalylph^riyln-propylhydrazide dissolves readily in alcohol, 
and crystallises in long, slender, colourless, six-sided prisms, which 
melt at 75° : 

9 2935 gave 25*2 c.c. N 2 (moist) at 11-6° and 750 mm. N = 10*15. 


D D 


'"OL. CXVU. 



^14 CHATTAWAY AND TESH : ISOMERI(f FHTHALYLHYDRAZI0£. 


a- and 

po CO'KPi'’ 

C.H.4;j>N.i;Pr.^Ph and 

These were obtained in a similar manner to the normal 
compounds. 

a-Phthalylphenyli^^opt’opylhydrazide is readily soluble in alcohol, 
and crystallises in bright yellow, rhombic plates, which nielt at 
142°: 

0-3161 gave 27-8 c.c. No (moist) at 17-2° and 750 mm. K-lO O;. 

CijrHi602N2 requires N^^IO-O per cent. 

^-PhthcUylphenylisop'opylhydrazide dissolves readily in alcohol, 
and crystallises in slender, colourless, four-sided prisms, which melt 
at 103° : 

0-3176 gave 0-8510 CO2 and 0T657 H.2O. C=^ 73-07; H = 5 il), 

0‘2218 „ 19-4 c.c. Ng (moist) at 17° and 752 mm. N^lOlH. 

Ci;H 3^(30.2 N.i requires C=:72‘81; II — 5-75; N — 10 per cent. 


a- and ^-rhthdylphenylallylhydrazuhs, 
C„H.<^«>N--NPh-C,H, and C,H,„<11 o.Sp7‘- 

These were prepared in a similar manner to the previonslj 
described compounds, the action with the allyl iodide heing especi 
ally vigorous, heating for half an hour only on the water-batl 
being required to complete it. 

a-Phthalylphenyhdlylhydrazide is readily soluble in alcohol, ant 
crystallises in bright yellow prisms, ’which melt at 142°: 

0-3068 gave 26 c.c. No (moist) at 10° and 747-5 mm. N = 9-9? 

Cj^yH^^O^Ng requires N = 10-07 per cent, 

^^PhtKalylphemjldlylhydrazide dissolves very readily in alcohol 
and crystallises in slender, colourless prisms, which melt at 90 • 
0-2162 gave 18 c.c. No (moist) at 13° and 756 mm. N=9'79. 

Ph thalylph enyltrimethyJe ne h is h y drazide . 

Ninety grama of phthalylphenylhy drazide were dissolved in i 
solution of 6 grams of sodium in 200 c.c. of alcohol, and heatei 
with 40-4 grama of trimethylene bromide on a water-bath for si: 
hours. 

The sodium bromide which separated was filtered off, 4 grams 0 
sodium dissolved in alcohol were added, and the mixture was agaii 
heated for two hours. On adding water, phthalylphen^i^ri 
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^.(ihy^enebishydrazide separated as a white solid. It was re- 
jjj^stallised from hot alcohol, in which it is readily soluble, and 
separated in long, colourless, slender prisms melting at 187°: 

0-1017 gave 0*2703 CO 2 and 0*0439 C = 72*48; H^ 4 ' 79 . 

0 1475 „ 13 c.c. Ng (moist) at 8 ^ and 760 nun. N = 10*64. 


CS 1 HS 1 O 4 N 4 requires C = 72-l; H = 4-65; N = 10*8 per cent, 
he compound, from its behaviour, has probably the bis^jS-con- 


tition, C 6 H 4 < 


.CO*N-CH„*CH/CH -N-CO 


CO-NPh 


PbN-CO 




Fkthalyl-])- h romopheny Ihy d razid e , 


CO-NH 


-Phtkiilyl-p-bromophenylliydrazidd has already been obtained 
the interaction of phthalic anhydride and p-bromopheuylhydr' 
le at 100°. It crystallises from hot alcohol in bright yellow, 
loclinic prisms, which melt at 206° (Chattaway and Wunsch, T., 
1,99, 2260). 

'his compound was transformed into the sodium salt of the 
omeride by heating with the equivalent quantity of sodium 
Dxide in alcoholic solution in a sealed tube to 100° for eight 
rs. On adding hydrochloric acid to the solution, the 
omeride separated. It was recrystallised from hob alcohol, in 
ch it is moderately easily soluble, and separated in fine, white 
dies melting at 252° : 

•1149 gave 0*2270 COg and 0 0315 HoO. C- 53-00; H-3 04. 
■1206 „ 8'9 N., (moist) at 9° and 760 mm. N = 8'’87. 

requires C — 53'0; H^2'S1; N-8'83 per cent. 


a- cmd ^-Phth alyl - p- 6 ro oyli enylalhjlh ydrazides, 
and 






CO-N*C,H,Br’ 


hese compounds were prepared similarly to the corresponding 
Qvl derivatives, by heating allyl iodide with a-phthalyl-p-bromo- 
uylhydrazide dissolved in an equivalent amount of alcoholic 
mn ethoxide on a water- bath for seven to eight hours. 
l’hfholyl~-p-hromophenyhdlylhydrazu(e is readily soluble in hot 
and crystallises in bright yellow, slender, four-sided prisms, 
^hinelt at 118°: 

2893 gave 0-1453 AgBr. Br= 21*37. 

Ci 7 Hj 302 N 2 Br requires Br=21'45 per cent. 
’^btJialyl-ip-hromophenytallylhydrazide is moderately soluble in 

D D 2 
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hot alcohol, and crystallises in long, very thin, colourless needle 
melting at 129°: 

0-0948 gave 0-0485 AgBr. Br = 21-71. 


^-Fhthalyl-o-tolylkydrazide mid ^-Phiholyl-^4olylhydrazidt^ 
nO-NH p „ CO-NH 

\ and ^ 

mT 

a-Phthalyl'O-tolylhydrazide and a-phthalyl-p^tolylhydrazide hai 
already been prepared by the interaction of phthalic anhydride aa 
the corresponding tolylhydrazines; the former crystallises in anal 
tabular, monoclinic, bright orange crystals, which melt at 198° ai 
the latter in long, deep orange, prismatic crystals, which melt ; 
196° (Chattaway and Wiinsch, loc. cit.). They are both easily co 
verted into the corresponding jS-isomerides by heating in a seal 
tube to 100 ° for eight hours with an alcoholic solution of the eq’ 
valent amount of sodium ethoxide, and precipitating by acid. 

$.Phthcdyl-(ytolylhydrazide is moderately readily soluble in 1 
alcohol, and separates in colourless, compact crystals, which m 
at 207°: 

0’2188 gave 20-8 c.c. N 2 (moist) at 13° and 75T5 mm. 

C 15 H 12 O 2 N 2 requires N = 1M1 per cent. 

^^Phthalyl-'p-tolylhydrazide dissolves moderately readily in Id 
alcohol, and crystallises in very slender, colourless prisms, vhitl 
melt at 225°: 

0-1438 gave 13-8 c.c. N 2 (moist) at 10° and 748 mm. N = 11'3 


and ^-Phth(d7jl-Y>4olylaUylhydrazide$, 
rn C R ^CO'N'CbH. 


These were prepared similarly to the corresponding phen 

compounds. , , 

a-Phthalyl^-tolylallylhydrazide is very readily soluble in t 
alcohol, and crystallises in bright yellow, irregular, rhombic plat' 
which melt at 87°: 

0-2095 gave 17-6 c.c, N 2 (moist) at 17° and 764 mm. 

CigHieOgNg requires N-9-6 per cent. 
^.Phthalyl^'tolyMlylhydrazide is very readily soluble^ 
alcohol, and crystallises in colourless, six-sided prisms, whicb t 

at 102 °: VT-Q'fil 

0-1668 gave IS'S c.c, (moist) at 16° and 763 mra. h- 
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Acyl Derivatives of the Phthalylhydrazides. 

Ml the phthalylhydrazides containing hydrogen attached to 
tro<^en readily form colourless acyl derivatives. Several of these 
ve been prepared from various members of the ct- and ^-series 
hydrazides by heating them for some hours with formic acid, 
etic propionic or n-butyric anhydride, or benzoyl chloride in 
aled tubes. 

^.fjithdylformylfhenylhydrazide, CgH^OMN*NPh*CRO, crystal- 
;^from alcohol in small, colourless rhombs melting at 185°: 

0'2418 gave 2r8 c.c. N, (moist) at 16° and 759 mm. N = 10'48. 

C15II1QO3N.2 requires N^IO‘52 per cent. 
^,pUl\alylacetyl'phenylhydrazide^ Cj^H^02lN*NPhAc, crystallises 
■om alcohol in colourless, flattened, four-sided prisms melting at 

0'2O35 gave 17'5 c.c. (moist) at 18° and 759 mm. N = 9'86. 

requires N^IO'O per cent. 

^PhthalylacetyVphemjlhydrazide, crystallises 

'om alcohol in colourless, prismatic crystals melting at 127°: 

0-2256 gave 20'1 c.c. N.^ (moist) at 18° and 752 mm. N -10’16. 

requires N^IO'O per cent. 

a-Phthdylpro'picmylphenylhydrazide, CgH^OdN'NPh’COEt, 

p-staliises from alcohol in colourless, four-sided plates melting at 

kV; 

'2481 gave 20’3 c.c. N.^ (moist) at 16° and 759 mm. N — 9'51. 

C17H44O3N2 requires N~9’52 per cent. 
-Phthdyl-ii-hutyrylphenylhydrazide, C8H40MN»NPh-C0*C3iI;, 
jtailises from alcohol in short, white prisms melting at 126°: 
'■2312 gave 17'8 c.c. K, (moist) at 17° and 748 mm. N=:^8'78. 

CigH^gOjNj requires N-9-09 per cent. 

'.-Phfhahd form.yl-'p-hromophcnylh ydrazide, 

C8H402:N*N(CgH,Br)-CH0, 

stallises from alcohol in colourless, six-sided prisms melting at 

b2792 gave 0'1536 AgBr. Br-^23‘4. 

CigH^OjKoBr requires Br = 23-2 per cent. 

i-Phfhaiylacetyl-p-hromophenylhydrazide, 

C8HA:N'NAc*CoH4Br, 

's^tallises from alcohol in colourless prisms melting at 166 . 
>1763 gave 0'0914 AgBr. Br-22'06. 

CieHjOjNoBr requires Br= 22*28 per cent. 
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a-Phthcdylhenzoyl-'^-hromo'phenylhydrazidey 

crystallises from alcohol in colourless, small rhombs nieltina g 
166°: 

0-2032 gave 0*0920 AgBr. Br = 19'27. 

Co^Hj^jO^NoBr requires 19*0 per cent. 

a-Phthalylformyl-o-tolylhydrazide, CsH402'.N'N(CeH4Me)-CHC 
crystallises from alcohol in colourless, long, slender needles ineltin 
at 112°: 

0'1472 gave 12‘5 c.c. No (moist) at 10° and 754 mm. N = 10'0. 

C1CH12O3N2 requires N - 10‘0 per cent. 

a - PhthaJyhcetyl - o - tolyUiydrazule^ C8H402’N’NAc*C,,;H4lI( 
crystallises f rom alcohol in colourless, four-sided prisms meltitie 5 
161°: 

0-2339 gave 19'3 c.c. Ng (moist) at 18° and 759 mm. N^9 51, 
requires N-9'52 per cent. 

a - Phthah/lhenzoyl -O' - tolylhydrazide, CgH402*N'NBz*CeH4Mt 
crystallises from alcohol in colourless, stout, rhombic prisms melt 
ing at 151°: 

O' 2392 gave 16'2 c.c. (moist) at 17° and 760 mm. N=7-85. 

requires N = 7-87 per cent. 

a-Phthalylformyl-^-toh/Jhydrazide crystallises from alcohol i 
long, colourless prisms melting at 180°: 

0-1776 gave 15'4 c.c. N. (moist) at 18° and 759'5 mm. N-9‘9[ 
C^gHj.^OgNn requires N = 10-0 per cent. 

a-Phthalylacetyl-p-toJyJhydrazuIe crystallises from alcohol i: 
colourless, four-sided prisms melting at 151°: 

0-1872 gave 15’2 c,c. K, (moist) at 17° and 759 mm. 

Ci-Hi40gN2 requires N 9'52 per cent. 

a-PhthaJylhenzoyl-^-tolylhydrazide crystallises from alcohol ii 
colourless prisms melting at 135°: 

O' 1255 gave 8‘4 c.c. No (moist) at 10° and 752 mm. N-7'9tl. 
C22H46O3N2 requires N-7-87 per cent. 


Transformation of ct- into ^FhthalylphenyJhydrazide. 

Although when the phenylhydrazinic acid formed by the coir 
bination of phenylhydrazine with phthalic anhydride loses watei 
the coupling probably takes place in two- directions, leading t > 
production of the a- and of the jS-isomeride, the amount oft 
latter formed at temperatures between 100° and 170° is ^0 
as to be unrecognisable. 
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jhe decomposition of tte o-corapouud into phthalanil, nitrogen, 
ammonia (compare Chattaway, Gumming, and Wilsdon, T., 
|9U, 99> 1951), which becomes vigorous at temperatures above 
^00°, takes place to a small extent at the lower temperature also, 
ind it is '^ery difficult to separate the constituents of the small, 
;iscid residue left on evaporating the mother liquor from which 
)je a'phthalylphenylhydrazide has crystallised. 

That neither a- nor 0-phthalylphenylhydrazide is transformed 
jppreciably into the other wheii heated alone was shown by heat- 
[jitf a few grams of each in sealed tubes to 250° for six hours. 
On once crystallising the solidified mass, the original compound 
m obtained in a pure state. 


Tramformation of a- into ^-Phthah/lphenylhydrazide hy Heating 
with a-n Alcoholic Solution of Sodium Ethotride. 

Sodium (2 '3 grams) was dissolved in 100 c.c. of alcohol, 23-8 
Trams of ct-phthalylphenylhydrazide were added, and the whole 
was heated on a water-hath for seven hours. After dilution with 
water, the filtered liquid was acidified with hydrochloric acid, and 
the white substance which separated was recrystallised from alcohol. 
It separated in colourless, compact, irregular crystals, which melted 
at 211-212° (round: C-TO'Go ; H-4-40; N = ll-50. Ci4H,o02N2 
requires 0 = 70*59; H=4*20; N = 11*77 per cent.). The substance, 
therefore, is the j8-phthalylphenylhy dr azide described by Pellizzari 
[Gazzetta, 1886, 16 , 200). 

A number of similar experiments, in which portions of the boil- 
ing alcoholic sodium ethoxide solution were withdrawn from time 
to time and precipitated by hydrochloric acid, showed that at first 
only phthalylpheiiylhydrazinic acid is obtained, ^-phthalylphenyl- 
hydrazide slowly making its appearance, and increasing in amount 
until, after about five to six hours’ heating, it alone is present. 

Tran^jormation- of a- into ^-Fhthalylphcnylhydrazide hy Heating 
with Glycerol. 

a-Phthalylphenylhydrazide was heated with about four times its 
weight of glycerol in an open tube for ten hours to 240°. On 
cooling, the mass was ground with water and well washed to 
remove the glycerol. The colourless solid remaining was dissolved 

a cold dilute solution of potassium hydroxide, the liquid filtered 
and acidified with hydrochloric acid, and the white solid separating 
once crystallised from alcohol. 

It melted at 210°, and when mixed with ^-phthalylphenylhydr- 
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azide, prepared from the a-hydrazide and sodium ethoxide, tlit 
meltiug point remained unaltered (Found: C = 70’2; n^ 447 . 
N = ll-40. Calc.: C = 70-59; H = 4-20; N = ir77 per cent.)’ 
Similar experiments were made in which the time of heaiinff 
varied. These showed that the transformation takes place slowdv 
about 50 per cjent. being transformed in from five to six hours. 

On similarly heating a>phthalylphenylethylhydrazide witli 
glycerol, no change occurred, the original a- com pound cryatallisriff 
out unaltered from a solution of the product in boiling alcohol 
and no other substance separated on evaporation of the filtrate. 

The Qtjeen^s Coixeoe, 

OxroBD. [Received, May igsQ '] 


LXXVII . — The Acylation of Thiocarbamide^, 

By Augustus Edward Dixon and John Taylor. 

It has frequently been obServed that the il'-acylation of thiocarb- 
amide is preceded by the fixation of the acyl radicle to the sulphuT 
atom of the latter (Dixon and Hawthorne, T., 1907, 91 , 12?, 
145; Dixon and Taylor, ibid., 914; 1908, 93 , 29; 1912, 101 , 2512 
et seq.; Dixon and Kennedy, this vol., 81), a phenomenon the 
mechanism of which may be represented by the typical scheme : 



(!•) 

^?b>C'SA(; -H. NH.'CS-SHAt 
(11.) (HI-) 


On the other hand, in many cases no evidence is yet forthcoming 
that would justify such a view, the process apparently being accom- 
plished through direct attack of the nitrogen. This, it no^ 
appears, is due sometimes (and possibly always) to the instability 
of the sulphonium salt (I) in the circumstances of its formation. 

All such salts are readily dissociable by heat, with the elimination 
of HX, whence it follows that if a high temperature is essential to 
reaction, they are not likely to be discoverable in the product- 
Neither is the i^-ba,se (II), compounds of this class being akay 
rather unstable. Moreover, a sulphonium salt, although initia T 
formed, may decompose, even in the cold ; if so, a substance of type 
(III) will constitute the actual product, both the others possi f 
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detection; in eitiier case, ^-acylation will seem to have 
occurred directly. 

The acetylation of thiocarhamide by means of acetic anhydride 
[5 a case in point, heat being employed in the process (Nenchi, 
Bcr., 1873, 6 , 599). As a matter of fact, reaction occurs spon- 
taneously at the ordinary temperature; the change, however, 
requires several days for its completion, and at no stage is there 
a detectable amount of any transition product, Tbiocarbamide- 
aeetyl acetate is evidently very unstable: a suspension of thiocarb- 
amide-acetyl iodide in cold acetone, when treated with sodium 
acetate, rapidly became clear, owing to the formation of sodium 

iodide, yet from the solution the salt, could 

not be isolated, the product being merely acetyl thiocarhamide. 

Nevertheless, that the salt is capable of temporary existence may 
be inferred from another observation. Thiocarbamide and acetyl 
picrate, both in glacial acetic acid solution, show no tendency to 
unite, even after some days’ keeping, but when acetic anhydride 
is added to the mixture, a deposition of thiocarbamide-acetyl 
picrate soon commences, the reaction within a few hours being 
complete. The acetyl picrate, therefore, although it fails to unite 
with the thiocarhamide, reacts with some material produced from 
the latter by the anhydride, capturing it at once, and thus pre- 
cludino- its normal change into acetylthiocarbamide. Manifestly, 
+haj material is either thiocarbamide-acetyl acetate or the corre- 
poiiding ?//-base (acetyl picrate does not combine with acetylthio- 
‘arbamide, and, if it did, the product would not be thiocarbamide- 
cetyl picrale). 

When, instead of acetic acid, dry acetone is used as solvent, the 
;anio phenomena occur; but the yellow precipitate, if kept in con- 
tact \vdth the liquor, presently redissolves, and later, acetyl thio- 
!arbaraide is deposit-ed. Thiocarbamide-acetyl picrate, therefore, 
ilthough producible in contact with acetone, gradually surrenders 
:o it the elements of the conjoined picric acid, whereupon, as usual, 
he acetyl group of the resultant i/'-basc migrates from sulphur to 
aitrogen. The analogy between the result just mentioned and the 
foregoing results with thiocarbamide and acetic anhydride, 
S'lid (6) thibcarbamide-acetyi iodide and sodium acetate, requires 
Qo comment. 

Observing the production of “ di a cetyl thiocarhamide from 
thiocarbamide and acetic anhydride at 130° to be facilitated by the 
passage of hydrogen chloride into the mixture, E. A. Werner con- 
cludes (T., 1916, 109, 1128) that the acid transforms the acetyl- 
thiocarbamide into a -configuration, MeCO*lSIH’C(.NH)’SH, 

D D* 
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assumed to be more susceptible of attack by the anhydride. It is 
far from certain, however, that the hydrogen chloride acts solelv 
on the acetylthiocarbamide, for, at a temperature much lower thai 
130°, it converts acetic anhydride freely into acetyl chloride, a 
more active substance than the anhydride. However that may be 
the fact is that, in promoting the reaction, acetyl chloride serve? 
just as effectively as hydrogen chloride. 

The constitution, MeCO’NH’C(!NH)'S’COMe, proposed by him 
for “ di acetylthiocarbamide ” being apparently open to doubt 
attempts were made to learn whether the acetylbutyryl derivative 
(from acetylthiocarbamide and butyryl chloride on the one hand 
and from butyrylthiocarbamide and acetyl chloride on the other] 
could exist in two isomeric fonns. The experiments were un- 
successful, as were similar ones in which it was sought to prodiire 
acetylbenzoyl derivatives. 


i^Thiohydantoin ^ . 

As regards the behaviour of (say) chloroacetic acid (Ray and 
Fernandes, T., 1914, 105 , 2160) or of its esters (Taylor, this 
vol,, p. 4) towards thiocarbamide, there is no reason to doubt the 
essential simplicity of the mechanism, represented by the scheme; 


NH,- 


NH 


,''>C-S'-CH,-GO.R 


Much less simple is the mechanism when (say) chloroacetjl 
chloride is caused to react with thiocarbamide or with it-s mono- 
or di- substitution derivatives, whereby, too, isothiohydantoins are 
produced (Dixon and Taylor, T., 1912, 101 , 570). That is, the 
collocation, 'S’CHo’CO*, becomes developed, a result that would he 
intelligible if the components could yield initially the additive sub- 


stance, 


NH. 


>c:s<^ 


Hitherto, indeed, changes of the 


^G1 

kind have been represented as occurring on lines more or less 
consistent with such a view, and it is only of late that, by the 
authors at least, its inherent difficulties have been recognised. 
For example, methylthiocarbanilide with cbloroacetyl chloride 

. , , , MePhNv. ^..^CHj-COCl , , MePhN-. 

yields, not ^ PhNH^^'^^CI 

(Dixon and Taylor, T., 1912, 101 , *570), a result in keeping with 
the superior activity of the ‘COCl fraction of the molecule, 
chloroacetyl chloride, too, the speed of reaction is high, just as it 
is with acid chlorides in general, whereas, unless asristed by heat, 
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tie reaction of a tiuocarb amide with, a halogenised acid or its 
ester is relatively very slow. On these grounds, one might expect 
the formation of wothiohydantoin from thiocarbamide and chloro- 
acetyl. chloride (if it takes place on the lines previously supp(^ed) 
to ref^uire at least some hours in the coldj further, by operating 
in the cold, one might hope, in that case, to isolate the presumable 
additive salt formulated above. 

In practice, when bromoacctyl bromide was added to a solution 
of thiocarbamide in acetone, wothiohydantoin hydrobromide was 
precipitated at once, a result tolerably decisive in showing that 
the fraction, 'CH^Br, was not the primary agent in the change, but 
•COBr instead. If so, and notwithstanding that ?>cithiohydantoin 
had been generated, it remained now to be showji that the latter 

proceeded indirectly, from a compound, 

Ultimately, by operation with glacial acetic acid as solvent, that 
compound was isolated, chloroacetyl bromide in like circumstances 

furnishing dissolution in water, they 

vielded thiocarbamide, hydrobromic acid, and bromo- or chloro- 
acetic acid respectively, but with alkali hydroxide afforded no 
trace of a-thiol acetic acid, and hence contained no material in- 
I’liidiiig the •S*CH2’C0* complex. As might have been expected, 
however, they soon changed when kept in contact with acetone, 
the r^pective products being ikothiohydantoin hydrobromide and ' 
'sothiohydantoin hydrochloride. 

Of these facts, the explanation, in the light of those acquired in 
3ther researches, is now patent. Brom the additive salt, acetone 
withdraws the halogen conjoined with sulphur, the product, a 
/''base, NH2*C(‘.NH)*S*C0’CH2X (X = halogen), changing, by the 
imal migration of the acyl group, into XH.^'CS’NH’CO-CH^X. 
Mo matter how formed, a compound of such type (or, for a matter 
ff that, even of the type Gabriel, 

1889, 22 , 1148) is incapable of existence in ordinary circum- 
dances, changing at once into a cyclic isomeride, the essential 
N*C 

iiicleus of which is > (Dixon, T., 1897, 71 , 621 et seq.). 

9ii the principles now suggested, the explanation of this last 
‘hange is not far to seek, because, in a molecule such as 
NHg-CS^NH'CO^CHaX, 

be fractions, ‘CH,* and ‘X, hf uniting with the sulphur atom, 

‘ould yield ,a formula which the authors take as 

^oX~CH2 

>est expressing the constitution of an wothiohydantoin salt. 

D D* 2 
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Why chloroacetyl chloride when heated with a suitable thio 
carbamide yields an isothiohydantoin is now clear, for the 
sulphonium salt, initially formed, since it loses haloid acid by mere 
contact with acetone, must very readily be dissociable by heat. 
How pyridine facilitates acylation in the cold (Dixon and Taylor. 
T., 1912, 101, 2518) is equally clear: it removes from the 
sulphonium salt the elements of an acid, without hydrolysing the 
resultant acyl a ted i/f-base. 


\l;-Thiocarhamidts, 

From methyl- i/'-tbiocarbamide and benzoyl chloride, in the 
presence of alkali hydroxide, Johnson and Jamieson {Amer. Chew. 

1906, 35 , 297) obtained the compound (PhCO) 2 N-C(:NH)‘SMe. 
On the other hand, in the absence of an alkali, benzyl -j/^-thiocarh 
amide, even with a large excess of acetyl chloride, yields only the 
additive compound, CSN 2 H 3 -Cn 2 Ph,MeCOCl, from which, on the 
withdrawal of hydrogen chloride, there results a monoacylaterl 
derivative of the i/^-thiocarbamide. Whether the additive com- 
pound is likely) 


NH. 

MeCO-NH‘ 


>c:s< 


■CHaPh 

•Cl 


matters little : in either case, the sulphur atom, by the absorption 
of a single molecule of the acid chloride, has become fully charged, 
and until a condition is established favourable to the elimination 
of hydrogen chloride, further acetylation is barred. 

A case not here touched on, except incidentally, is the 
behaviour of acylating agents "with thiocarbamides containing a 
well-marked electronegative group. In this connexion, owing to 
the difficulty with which the substances combine spontaneously 
(Dixon and Hawthorne, T., 1907, 91. 141), little is yet known oi 
the mechanism. 

Thiocarbamides containing an NH 2 -substituent (thiosemicarV 
azides) combine directly with acetyl chloride, yielding well-marked 
salts, from which, on the withdrawal of hydrogen chloride, J -acetyl 
derivatives are produced (McKee, T., 1915, 107, 1133). In these, 
not only the acetyl radicle, but also a phenyl group, can migrate 
from one point to another within the molecule. 


Experimental. 

I. Thiocarh ami de-acetyl chloride was dissolved in 

pyridine, the solution when acidified with dilute acetic 
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depositing acetylthiocarbamide. Heat, therefore, ia not essential 
^0 the transformation, ^^>C-S-COMe — > NH^-CS-NH'COMe. 

gy boiling for an hour with acetone, the same change is efiected. 
Aniline behaves differently, heat being evolved, with the produc- 
tion of acetanilide, but ready-formed acctyltbiocarbamide is 
practically unaffected by aniline, even on heating. 

II. Finely sifted thiocarbamide was kept at the ordinary 
temperature in contact with excess of acetic anhydride. Gradu- 
ally^ the powder disappeared, its place being taken completely, 
after the lapse of a week, by large, transparent, rhombic prisms. 
Xeither they, nor the liquor in which they were formed yielded at 
any time a precipitate with aqueous picric acid ; hence, neither 
ttiocarbamide-acetyl acetate nor acetyhi// -thiocarbamide was 
present in quantity. The crystals consisted of almost pure acetyl- 
thiocarbamide (yield, 52 per cent, of the theoretical), and from 
the liquor, on concentration, a further amount of slightly impure 
material was obtained. 

Acetylthiocarbamide with dilute acetic acid and sodium nitrite 
yields in one minute a scarcely perceptible trace of thiocyanic 
acid; in like circumstances, thiocarbamide (compare Werner, T., 
1912, 101 , 2183) gives a well-marked reaction in less than thirty 
seconds. 

III. From thiocarbamide dissolved in acetone and acetyl iodide, 

crystals of the additive salt, were dejiosited. 

It melted and decomposed at about 106°, and yielded a jricratey 
but was soon resolved by cold water into thiocarbamide, acetic 
acid, and hydriodic acid (total acid found- 13/ 14ths of that 
cAlcnlated). 

A suspension of the salt in dry acetone, when treated with one 
molecular proportion of dry sodium acetate, rapidly became clear, 
sodium iodide passing into solution (sodium acetate is practically 
insoluble in acetone). The solution, which gave no precipitate 
with aqueous picric acid, and hence no longer contained thiocarb- 
amide-acetyl iodide, was concentrated at a low temperature to 
«?xpel most of the acetone ; it now had the pungent odour of acetic 
acid, and presently yielded crystals of acetylthiocarbamide. 

When the experiment was performed with thiocarh amid e-acetyl 
chloride, instead of the iodide, scarcely any sign of interaction was 
perceptible in the cold. On heating, acetylthiocarbamide was pro- 
duced, together with sodium chloride, a result not necessarily due, 
however, to reaction between the first-named material and the 
sodium acetate (see I). 
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IV. From a solution of thiocarbamide in acetone, on treatment 
with- isobutyryl chloride, the additive salt, 

was precipitated in flattened, lustrous needles' melting, witt 
effervescence, at 115—117®, and yielding with aqueous picric acid 
a bright yellow picrate, hydrolysed by warming with water 
(Found: Cl = 19‘25. C 5 H 11 ON 2 CIS requires Cl ^19*5 per cent.). 
By heating at 120 — 130® until effervescence ceased, and recrystal- 
lising the product from water, wobutyrylthiocarbamide wa? 
obtained in pearly leaflets melting at 111 — 112® (Found: S^2192. 
Calc.: S = 21'91 per cent.). 

An attempt, by heating the latter with acetyl chloride and 
glacial acetic acid, to produce a derivative containing both acetyl 
and wobutyryl was unsuccessful j neither did acetylthiocarbamidf 
when heated with isobutyryl chloride yield the expected diaw’ 
compound, 

V. Acetylthiocarb amide when heated under reflux with henzov 
chloride in the presence of glacial acetic acid in a bath a' 
130 — 150® gave a soFid, from which chloroform extracted a crystal 
line, yellow substance melting at 105®, and consisting, apparently 
of the acebylbenzoyl derivative (Found: S = 14'4. Calc.: S^Ui: 
per cent.). From benzoylthiocarbamide, however, similarly heated 
with acetyl chloride and acetic anhydride, nothing was obtained 
except benzoic acid and diace tylthiocarbam id e. 

VI. Into acetic anhydride at 115® excess of hydrogen chloride 
was passed, the solution, when distilled, yielding acetyl chloride in 
quantity. When the experiment was repeated, at 130°, with thio 
carbamide in solution, the phenomena described by Werner (T.. 
1916, 109 , 1128) were verified, the product being a diacetyi 


derivative. . 

VII. Acetyl chloride was substituted for hydrogen chlonde in 
an experiment similar to the last, the phenomena being visiulk 
the same as before, and from the solution, after it had been con- 
centrated in a vacuum over sodium hydroxide, the same diacety 
compound was obtaiTie<l. A like result followed when 
chloride was heated for some time with a solution of acetyltbio- 


carbamide in glacial acetic acid under reflux. i, i, t 

VIII A solution of picric acid in acetic anhydride, when ep 
for a few hours in contact with finely powdered thiocarbami a 
transformed the latter completely into 
picrate melting at 120° (Found: S = 9-2. Calc.: S = 9-21 pe 


^''^ady-formed acetyl picrate and thiocarbamide, each dissoheJ 
in glacial acetic add, showed, after two days’ keeping, no sign 
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interaction. When acetic anhydride was added to the mixture, 
crystals of thiocarbamide-acetyl picrate began to separate in the 
course of an hour or so^ and, after about seven hours, were collected, 
filtrate remaining permanently clear. 

JX. Bromoacetyl bromide, when added to a cold solution of 
thiocarbamide in acetone, yielded a sandy, white powder readily 
soluble in water, and giving all the reactions of i^othiohydantoin 
hydrobromide (Found: S = 16'2; HBr = 41‘4. Calc.: S = 16'24; 
HBr = 41*11 per cent.). 

X. The preceding experiment being repeated with glacial acetic 
acid as solvent, white needles of the additive compound, 


NH. 

nh: 


>c:s<' 


CO-CH^Br 

Br 


^vere deposited, highly deliquescent and readily soluble in water. 
The very acid aqueous solution yielded with picric add only a 
slit^ht precipitate, but contained hydrobroraic and bromoacetic 
acids, together with thiocarbamide. It gave no precipitate when 
neutralised, and, after short boiling with dilute alkali hydroxide, it 
did not give AndreaseVs reaction (Bcr., 1879, 12, 1385) for a-thioh 
acetic add, and hence contained no detectable trace of wothio- 
hydantoin (Found: S-12-2. C^H^^ON.^BroS requires S = 11-51 per 
cent. Total add -- 39 / 40ths of that cal cul ated) . 

The salt, when kept for an hour in contact with dry acetone, 
changed little in appearance, except that it became granular; the 
refidual solid, now no longer deliquescent, gave all the usual reac- 
tions of isothiohydantoin hydrobromide, including the formation of 
a perate, not hydrolysed by heating with water, but reappearing 
when its solution was cooled. 

XL When the last experiment was repeated, bub with chloro- 
acetyl bromide, a similar additive compound was obtained in 
rosettes of white prisms, decomposing at 110—112° (Found; 
BriCl-49-5. C^HfiONoClBrS requires Br-^CU49-46 per cent.). 
By dissolution in water, it gave thiocarbamide, hydrobromic add, 
and chloroacetic add, but not instantaneously, for the solution, if 
mixed at once with picric acid, yielded a bright yellow perate, 
hydrolysed by gently heating with water. On contact with dry 
acetone, the substance lost the elements of hydrogen bromide, the 
residual solid consisting mainly of isothiohydantoin hydrochloride 
(a trace of hydrobromide was also present); cous^uently, the 
. NFT5\p.Q,>^CO*CH2Cl 
original salt had the configuration 

XIL To benzyl-^-thiocarbamide in acetone a large excess of 
acetyl chloride was added, the white predpitate at first formed 
dissolving as the addition was continued. On cooling, rosettes of 
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slender needles were deposited, melting and decomposing at 
140 — 142°, and having the properties to be expected of an additive 
salt. Notwithstanding that a great excess of the chloride had been 
used, a single molecular proportion alone reacted, the product 
being CSN 2 H^-CH 2 Ph,MeCOCl (Found: Cl-14'7. CioHjjOX.ClS 
requires Cl = 14*52 per cent.), and from it the monoacetyl base was 
liberated by means of calcium carbonate (Found: S = 156. 
CioH^gONoS requires 8 = 15-38 per cent.). It melted at 132°; but 
the same base, prepared from acetyl thiocarbamide and benzv] 
chloride, shrank at 125° and melted at 128° (Found: S = 15’5). 

The substance, presumably NH. 2 *C(lN*COMe)*S*CH 2 ph, was 
obtained in such poor yield (sometimes none at all) as to defeat 
projected experiments on its further possible combination with 
acetyl chloride. 

Chemistry Department, 

University Colleoe, Cork. [ Received , May 20 th , 1920.] 


LXXVITT . — A Neiv Series of Nitrogenous Compounds 
obtained from Camphoroxalic Acid. 


By Percy Chorley and Arthur Lapworth. 


When nitrous acid^ reacts with compounds containing the group 
■CO’CHR'CO*, the nitroso- com pounds, •CO*CR(NO)*CO*, which 
are doubtless the initial products in all instances, tend to absorb 
the elements of water (or alcohol), with simultaneous severance of 
a " bond betw^een two of the carbon atoms in the second structure 
above depicted, yielding ’CO,H (or ‘CO^Et) and •CR(.NOH)*C0*. 

In the course of experiments which were instituted for the 
purpose of simplifying the methods at present available for con- 
verting ketones into their i-sonitroso-derivatives, the action of 
nitrous acid on camphoroxalic acid was studied . It w'as anticipated 
that the nitroso-compound (I) of this substance would show com- 
plete analogy to the nitroso-derivatives of substituted raalonic and 
aoetoaoetic acids, and become converted, with absorption of the 
elements of water, either into wonitrosocamphor (II) and oxalic 


acid, or into the ii-o nitroso- acid (HI). 

OjHpu ^c(:noh)'CO-co,h 

(I.) (II.) (Ill-) 

A transient blue colour, doubtless that of the nitroso-compouQ 
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is obsdrved wlieii nitrous acid acts on camplioroxalic acid in 
mieous solution. A small quantity of wonitrosocamphor (TI) is 
{ormed, but tbo main quantity of the nitroso-compound decomposes, 
^th the elimination of carbon dioxide and the formation of a 
crystalline acid (.li), CnH^^O^N, apparently in accordance with 
the equation 

+ H3O - CiiH^.O^N + COo. 

The properties of the new acid are very difficult to reconcile 
any quite straightforward assumptions as to its structure. 
It evinces remarkable stability towards both acids and alkalis; hot 
concentrated hydrochloric acid has no appreciable effect on it; 
boiling 50 per cent, aqueous potassium hydroxide, after prolonged 
contact, does not cause elimination of ammonia or hydroxyl amine, 
but merely converts it into an isomeric acid (.4=,), the properties of 
which so closely resemble those of the original compound as to 
leave little or no doubt that the isorneri'^m is steric in character. 

The most important properties of the acid (ij) are the 
following ; 

(1) It is a monobasic acid with distinct amphoteric characters. 
(‘2) It reacts very readily with phosphorus pentachloride, and the 
product is at once converted by water into the original acid. (3) Tt 
Yields camphoric acid when oxidised. (4) Tt is devoid of ketonic 
or aldehydic properties. (5) Tt is easily reduced by ferrous hydr- 
oxide in the presence of alkalis, although many of the ordinary , 
reducing agents are without appreciable effect on it. (6) It gives 
an intense red coloration with aqueous ferric chloride. 

The behaviour of the acid (/l^) on methylation is very significant. 
When methylated with methyl sulphate and alkali, it is converted 
into (ij) a monomethyl “ derivative which is capable of expelling 
carbon dioxide from aqueous sodium carbonate, but gives no color- 
ation with ferric chloride, and (h) a dimethyl "derivative’' which 
19 devoid of all acid properties, gives no coloration with ferric 
chloride. 

The methyl groups in the dimethyl "derivative" are evidently 
lioth attached to oxygen, and not to nitrogen, for when this com- 
pound is hydrolysed by means of alkalis, the whole of its nitrogen 
is liberated in the form of ammonia, and no trac^e of methyl amine 
<ian be detected. The coloration with ferric chloride which the 
original acid and its monomethyl "derivative" afford, indicates 
very clearly that in these two compounds there is present a group- 
ing of the enol type, that is, C:C(OH)* or •N:C(0H)*. On the 
other hand, the pronounce:’ acidity of the acid and of its mono- 
methyl " derivative " points to the presence in their molecules of 
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the free carboxyl group, a conclusion with w'hich the behaviour of 
the acid towards phosphorus pentachloride is in entire agreement. 
The following formulse serve to indicate the relation between the 
monomethyl "derivative” (IV), the true monomethyl ester, 
hitherto not isolated (V), and the dimethyl "derivative” [Xiy 
The sign is used to emphasise the conclusion that the oxygen 
atom is associated with doubly^bound carbon (enol type of 
structure) . 

MeO--C,oHi,ON‘C02H HO-i'C^jH^sOK'CO^Me 

(IV.) (V.) 

Me0--C,„Hi5()K-C02Me 

(VI.) 


The ease with which the acid (i^) is reduced by means of ferroii? 
hydroxide affords evidence that the nitrogen atom is directly 
attached to oxygen, but as the reactions of the compounds exclude 

the occurrence of the groups ^C.NOII and 'C’NH’OH, it must 

be inferred that the complex >N’ 0 * is present as part of a ring. 
The ready response to alkaline ferrous hydroxide shown by certain 
fsooxazolones, which also have this structural peculiarity, has 
previously been noticed (T., 1907 , 91 , 1919 ). 

Whilst the original acid (d-i) is remarkably stable towards 
alkalis, the dimethyl derivative is readily hydrolysed by them, with 
evolution of ammonia and formation of a dibasic acid, 
0911140 (COj,H)o, in accordance with the equation : 

C11H17O4N 4 - HoO = C 9 Hi 40 {C 02 H)„ + NHg. 

This substance has all the characters of an a-ketonic acid, and is 
readily oxidised by lead dioxide or manganese dioxide in aqueous 
solution. Its oxime when heated loses water and carbon dioxide, 
and is converted into a-camphornitrilic acid (TX), which observ- 
ation decides the structure of the ketonic acid as (VII), and that 
of the oxime as (VIII). 




CO-CO,H 

CO,H 


(VII.) 



(VIII.) 


C,Hi4< 


ON 

CO^H 


(IX.) 


Additional light was thrown on the structure of the add (ii) 
by a study of the product which is obtained on reducing it with 
alkaline ferrous hydroxide. This product is a monobasic acid. 
C11HJ7O3N, and is formed by the simple withdrawal of one atomic 
proportion of oxygen from the molecule of the parent acid. The 
new substance is extraordinarily stable towards powerful acids and 
alkaline hydrolytic agents, but its silver salt decomposes fairly 
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re^nilarly in a stream of carbon dioxide, and the distillate consists 
almost wholly of a camphidone (XI). 

The properties of the monobasic acid are readily explained on 
tlje a^nmption that it is the monocarboxylic acid of a-camphidone 
/XI) consideration of the relation of the present series of 
componnds to nitrosocamph or oxalic acid (I) and to a-hetohonno- 
^.(^^yiphoric acid (VII) shows that the structure of the camphidmc- 
carhoxpli-c add is represented by (X). 

CHs-CH CH-COjH ^ CH,-CH-C<^ 

! OMe, 


NH 

— CO 
(X.) 


C«HH<coi>NH I ' I 


•N 


(XL) 


CMe. 

I I ^ 
CH,*CMe*CO- 

'(XIL) 


It has been already remarked that in the formation of the acid 
from camphoroxalic acid, the nitroso- compound (T) represents 
an intermediate step. This, taken in conjunction with the con- 
version of into camphidonecarboxylic acid (X) on the one 
hand, and into a-ketohomocamphoric aciil (VTI) on the other, leaves 
no reasonable doubt that the acid {A ^ and its derivatives contain 
the structure (XII). 

In order to satisfy the further conditions: ( 1 ) that the molecule 
includes the structure N-O* as part of a ring, and (2) that one 
carboxyl group is present, one of tbc two following skeleton struc- 
tures must be selected as the framework of any structural formula, 
fur the acid (/tj) : 


an 


/ 


p/CO,H 

CO -0 


(xm.) 


<S >0 


/ 

“\C0,H 

(XIV.) 


0H,-CH CH-( 

I “ I 1 

j CMc, 

(JH,/CMe i'O' 

(XV,) 


The only possible structural formula for a compound. C11H17O4N, 
based on (XIII) is (X V). 

This is, however, wholly incompatible with the behaviour of the 
substance on methylation, as the lactonic carbonyl group would 
be attached to a quaternary carbon atom, and such a structure 
cannot be considered capable of existence in an eiiolic form wit 
out doing violence to all accepted canons. Formation 0 a 

dimethyl ester would necessitate the absorption of the elements o 
water, and this does not occur. 

The authors, after verv long consideration, have been forced to 
adopt (XIV) as the basis of a formula for the ultimate product 
obtained by the action of nitrous acid on camphoroxalic amd. On 
this basis, several “tautomeric" forms are possible for t e aci s 
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ij and ig) without introducing various other possj. 

biiities suggested by internal-salt formation, are as follows: 


I CMe„ 

I I 

CH.-UMe-CO.H 

(XVI.) 


COgH-CgHj^-C <s'r>o 

(XVL) 


P'0 0 H 

C0,H-C,H„-CH<!^j->0 C0,H-G,H„-C{0H)<^_>0 

(XVII.) (XVIII.) 

C0,H’C5H,,-CH<9^^2>0 

(XIX.) 


Of these, probably (XVI) and its ketonic form (XVII) are miicli 
to be preferred, as (XVI) is the only one which contains the true 

enol grouping •C(OH):C*, towards which the properties of the 
acids .4^ and significantly point. On the other hand, (XVIII) 
and (XIX) cannot yet finally be excluded, and they recall the 
structures which have long been adopted as the most satisfactory 
ones for anthranil, anthroxamic acid, and especially for the oxy- 
anthranil” or benzi-sooxazolone of Bamberger and Pyman (Ber., 
1909, 42, 2299). 

In each of the above formulae there is present a four-membere^l 
heterocyclic nucleus never previously identified in any compound, 
and until further instances of the structure come to light, the 
(question of a suitable nomenclature for the present series of 
substances may be deferred. 

It is worthy of note that the formation from the nitroso-conv 
pound (I) of a substance having any of the structures (XA'I), 
(XVII), (XVIII), or (XIX) is associated with an engagement 
between the nitroso-group and the ketonic carbon atom in the 
complex, -CO-CO.H. This renders it easy to understand what is 
otherwise incomprehensible, namely, why carbon dioxide should 
be eliminated during the formation of the acid (ij), for the rela- 
tions of the carbon atom to which the carbonyl group is attached 
are fundamentally altered by such an engagement. Such a cou- 
sideration lends considerable weight to the more formal reasoib 
which independently led the authors to reject (XV) and all other 
formulse than those containing' the four-memhered rings. 

The isomerism of the acids and ig is probably not such as 
exists, for example, between any two of the four alternative 
formulae above given. It is more likely that both acids are ex 
pressed by the same plane formula, and differ only in the spaaa 
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relations of tlie atoms and groups about the four-menibered ring, 
jj. is not impossible that the stereochemistry of the nitrogen atom 
is here involved. 

The reduction of the acid (A|) to a-eamphidonecarhoxylic acid 
l)y means of alkaline ferrous hydroxide is understood readily 
enough with the aid of formula (XVI) in association with the fact 
that this agent converts the group even when present as 

part of a ring, into >-NH, if necessary with ring scission. Thus 
(XVI) becomes reduced to 

which would at once, on acidification, undergo conversion into its 
lactam, and the latter is nothing else than the a-camphidonecarb- 
oxylic acid (X) in question. 

Adopting (XVI) for the acid the structure of the acid methyl 
"derivative'^ of this becomes 

co,n-08U,.-c<(i(K^f>o. 


The mechanism by which this substance yields ammonia, methyl 
alcohol, and a^ketohomocamphoric acid on treatment with alkali is 
somewhat obscure, but, as it involves the intramolecular reduction 
of an ]>N‘0’ group, it is perhaps not distantly related to the 
"Beckmann change” of oximes. A simple rearrangement of the 
binds in the four-memhered ring of the above structure corresponds 
with such a reduction, and furnishes a new structure which 
obviously represents the iinino-derivative (XX) of a-ketohomo- 
camphoric methyl ester (XXI), which on hydrolysis would, of 
course, vield exactly the products actually observed. 






\0Me 

\OMe 


(XX.) 


+ HP 


\OMe 

(XX.) 


and 




^0 + SH, 

‘^XOMe 


Expekimental. 

Ethyl camphoroxalate was prepared by the action of sodium on 
a mixture of ethyl oxalate and camphor (compare Tingle, Amer. 
Chem. J., 1897, 19, 393), but in working up the product con- 
siderable improvements were effected by subjecting the crude 
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material to the action of a current of steam for about fifteen 
minutes. The latter treatment removes unaltered camphor with 
other volatile impurities, and the residual oil, collected and exposed 
over sulphuric acid in a vacuum for some hours, crystallises, if 
subsequently cooled in a freezing mixture, and then merely requires 
draining on porous earthenware before crystallisation from light 
petroleum. 

To obtain camphor oxalic acid, the crude product, after treat- 
ment with steam, can with advantage be hydrolysed by leaving it 
in contact with 10 per cent, cold aqueous potaasium hydroxide for 
three days. Subsequent addition of dilute sulphuric acid causes 
precipitation of camphoroxalic acid in a state sufficiently pure for 
most purposes. 

Forniaiion of Acid Aj, 

Camphoroxalic acid (20 grams), dissolved in a 10 per cent, solu 
tion of aqueous sodium hydroxide (40 c.c,), is mixed with a 10 per 
cent, solution (OS'S c.c.) of sodium nitrite. Ten per cent, hydro- 
chloric acid (100 c.c.) is then added very slowly below the surface 
of the liquid, when at first each small addition produces a white 
precipitate, which almost at once dissolves, forming an intensely 
green solution. This colour is not very fugitive at 10°, but at the 
ordinary temperature rapidly changes to yellow; it is not in any 
way due to free nitrous acid, as the solution does not react with 
starch-potassium iodide paper; the phenomena rather indicate the 
presence of a true nitroso-compound. 

The continued addition of hydrochloric acid, which should occupy 
in all about ninety minutes, ultimately leads to the evolution of 
carbon dioxide and the separation of a brown oil, which contains 
free camphor, camphorquinone, and camphoroxalic acid. The 
aqueous liquor is separated from the oil aud evaporated under 
diminished pressure nearly to dryness, during which process an 
appreciable quantity of camphorquinone at first passes over. The 
concentrated residue deposits a white solid when cool ; the latter is 
removed, drained, extracted with ethyl acetate, and the extract 
filtered and cooled. A mass of white needles is then obtained, the 
quantity of which can be increased by further similar treatment 
of the filtrate, and the total yield approaches 77 per cent, of that 
theoretically possible. 

The new substance is best purified by crystallisation from ethyl 
acetate, from which it reappears as a felted mass of needles. It 
dissolves freely in water, forming a strongly acid solution, and it 
is freely soluble also in alcohol, acetone, ethyl acetate, or chloro 
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form; it is not freely dissolved by etber, and is insoluble in loenaene 
or ligbt petroleum. 

HvdrocWoric acid greatly increases the solubility of the corn- 
pound, which therefore displays a basic as well as an acid 

^•JiaTacter. 

The crystals from ethyl acetate contain solvent of crystallisa- 
tion. which, however, is rapidly lost on exposure to the atmosphere. 

^ specimen left until constant in weight was analysed (Found : 
C=58‘2; H = 7‘6; N^=5'9. M.W. = 230. C 11 H 2 .O 4 N requires 

(;'=:58‘2; H = 7-5; N = 6‘2 per cent. M.W. = 227). 

O‘l605 Gram required 28'3 c.c. of 0‘0248 .V-NaOH for neutral- 
isation, using phenolphthalein ; equi^folent- 229. A monobasic 
iicidj CJ 1 H 47 O 4 N, bas the equivalent 227. 

0‘6388 Gram dissolved and made up to 10 c.c. with absolute 
alcohol at 17° gave O’ 39° in a 1-dcm. tube, whence [a]’J 6-10°. 

The pure compound melts at 160°, simultaneously evolving 
carbon dioxide and leaving a residue devoid of acid characters, but 
still more decidedly basic than the original substance. It is 
remarkably stable towards acids, and no change could be detected 
ill it after prolonged boiling with saturated aqueous hydrochloric 
acid or after heating for six hours on the water -bath with concen- 
trated sulphuric acid or aqueous hydrohromic acid. Hydrogen 
peroxide had no effect on it, but nitric acid oxidised it to camphoric 
acid with great facility. It is vigorously attacked by phosphorus 
pentachloride in dry ether, hydrogen chloride being copiously 
evolved; but the product, on treatment with ice-water, is at once 
converted into the original acid, and this suggests that the product 
in question is the normal carboxylic chloride. 

The acid in aqueous solution gives an intense violet-red color- 
ation with ferric chloride. It does not reduce Fehling’s solution 
even after prolonged boiling with hydrochloric acid. ISio oxime, 
semicarbazone, or hydrazone could be prepared from it. Under 
certain conditions it reacts, in the presence of alkali, with toluene- 
sulphonyl chloride, yielding an unstable, non-acidic oil, which dis- 
solves in dilute hydrochloric acid; the true nature of this oil and 
the precise conditions necessary for it^ formation have not been 
determined. 

The dilute solution of the sodium salt gives no precipitates with 
salts of silver, mercury, or barium, but with copper acetate it yields 
a bright green precipitate, which is soluble both in alcohol and 
chloroform; with lead acetate, a white salt is deposited unless t e 
dilution ig exceesive. 
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TMs is formed when the original acid (10 grams) is boiy 
for twenty-four hours with a 50 per cent, solution of potassium 
hydroxide (100 c.c.). It is isolated by acidifying with hydrochloric 
acid and extracting with ether, and crystallises from ethyl acetate 
* in colourless prisms, which are free from solvent of crystallisation 
(Found: C,--57-9; H = 7‘6; N^6‘2. C 11 II 17 O 4 N requires C=58'2- 
H = 7-5; N = 6-2 per cent). 

0'1738 Gram required Gl'o c.c. of 0'01240 i\^-NaOH for neutral- 
isation, using phenolphthalein ; equivalent^ 227. Calc., 228. 

O' 3809 Gram, dissolved and made up to 10 c.c. with absolute 
alcohol, gave 0'99° at 17^ in a 1 -dcm, tube, whence [a]},‘ 2o'99-'. 

The substance melts and decomposes at 205'^, evolving carbon 
dioxide and leaving a basic residue; it closely resembles the 
isomeride in all essential chemical characters and in its behaviour 
towards solvents. In aqueous or alcoholic solution, it gives intense 
violet-red colorations with ferric chloride, and when dissolved in 
aqueous sodium hydrogen carbonate it instantly decolorises 
potassium permanganate. It is not appreciably hydrolysed by 
either hot aqueous alkalis or acids. The salts are freely soluble in 
water, with the exception of that of lead. 

The acid behaves towards methyl sulphate and alkali in much 
the same manner as does the isomeride; no serious attempt has 
been made to purify the product, which is usually oily, but it was 
observed that it readily evolved ammonia when boiled with 50 per 
cent, potassium hydroxide. The similar behaviour of the isomeride 
in these circumstances is described later. 

Thermal Decomposition of the Acid, A^. 

When the original carboxylic acid is heated above its melting 
point, it evolves carbon dioxide and leaves a resinous ma.ss. The 
product obtained by heating 90 grams of the acid at 160—170° for 
forty-five minutes dissolved completely in concentrated hydrochloric 
acid, but the solution, when diluted, deposited a considerable 
amount of tarry matter easily separated by filtration; the filtrate, 
rendered strongly alkaline with sodium hydroxide, yielded to ether 
T 4 grams of a yellow base, freely soluble in the common oxygen* 
containing solvents, but sparingly so in benzene or petroleum. 
The base was obtained in fem-like plates, melting and decomposing 
at 232®, by extraction with boiling petroleum (b. p. 100 - - 120 °). 

Analyses and molecular- weight determinations of different pre 
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parat-ions of the base gave numbers indicating the presence of a 
compound having the formula C|qII]-OoN, but contaminated with 
10-20 per cent, of another, C^^HnON'or CiuH,,^ON, this suggest- 
ing that partial reduction or dehydration accompanies the elimin- 
ation of carbon dioxide from the carboxylic acid; all attempts to 
separate the constituents of the mixture by fractional crystallisa- 
tion before or after conversion into picrates were fruitless. The 
mixture gives no coloration with ferric chloride, and in many 
respects resembles a-camphidone, although the presence of the 
latter seemed improbable, as no characteristic picrate could be 
prepared from the material. 


M ethylation of the Acid- A;^. 

(a) With the Silver Salt and Methyl Iodide. — The silver salt was 
prepared by neutralising the aqueous solution of the acid with 
silver carbonate, evaporating to dryness, and heating the residue 
cautiously. It was then heated with methyl iodide in anhydrous 
ether for two hours. The filtered ethereal solution, evaporated to 
dryness, gave an oil, which, when washed with aqueous sodium 
hydrogen carbonate, was converted into a white solid, insoluble in 
water. This melted at about 230°, had no acidic properties, but 
gave an intense red coloration with ferric chloride in alcoholic 
sulution. When, boiled with, water, it slowly dissolved, forming a 
solution which, responded tO' the same tests as did the original 
carboxylic acid. The substance did not, however, respond to the 
tests for a methyl ester, and its nature remains uncertain, although 
analysis showed that the elements of carbon dioxide had been lost; 
it may be identical with one of the products obtained on heating 
the acid 

{h) With Alkali and Methyl Srdyhate. — The acid (18’5 grams) 
was dissolved in methyl alcohol (100 c.c.) containing methyl 
sulphate (24 grams). To this was then added gradually methyl 
alcohol (200 c.c.) containing potassium hydroxide (20 grams), and 
the whole allowed to remain during the night. The alcohol was 
then removed by evaporation and the residue dissolved in water, 
the resulting solution being extracted with ether. From the latter 
about 6 grams of a basic oil were obtained, w^hilst the residual 
aqueous liquor, when acidified with hydrochloric acid and again 
extracted with ether, yielded about 13 grams of a colourless acid. 
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The Monomeihyl “ Denvative,^’ 




The foregoing colourless acid was purified hy crystallisation from 
acetone (Found: C = 59‘4; N-6'0. Ci 2 Hj 90 ^N requires 

C-59-7; ^^7 9; N = 5-8 per cent.). 

The equivalent, determined by titration with sodium hydroxide, 
using phenoTphthalein, was 232; Calc., 241. The substance 
separates from acetone in large, colourless octahedra, which melt 
and decompose slightly at 172°. It dissolves freely in alcohol, 
water, acetone, or ethyl acetate, less readily in ether or benzene, 
and is insoluble in cold light petroleum. Its aqueous solution 
gives no coloration with ferric chloride, but instantly decolorises 
permanganate and bromine water. When boiled with concentrated 
aqueous alkalis, it is decomposed, as described later. 

If the silver salt of this acid is distilled in a vacuum, carbon 
dioxide is eliminated, and a basic solid distils. This solid is not 
homogeneous, but when fractionated by recrystallisation from 
petroleum (b. p. 60—70°) yields a crystalline material closely 
resembling impure a-camphidone; on recrystallisation of the 
picrate, a salt was isolated which had the same form as the picrate 
of a-camphidone, but the melting point was much too low, and 
the identity of the above solid remains somewhat doubtful. 


The Dimethyl ^‘Derivative'' {Methyl Ester of the MonomefhifJ 
“ Derivative '^), 

The basic substance obtained during the methylation of the 
hydroxy carboxylic acid was purified by crystallisation from dilute 
alcohol (Found: C = 60-9; H-7-7. requires C--6r2: 

H = 8'2 per cent.). 

This ester, although somewhat sparingly soluble in cold ^Yate^. 
readily forms supersaturated solutions in it, and from these, on 
nucleation, it separates in slender needles, which in the course of • 
a few days change into rhombic prisms melting at 115°. It dis- 
solves freely in hpt water, and also in ether, alcohol, acetone, or 
benzene, but only sparingly in petroleum. 

In virtue of its basic character, the ester is freely soluble in wwk 
or concentrated hydrochloric acid, and is reprecipitated on addition 
of alkali. 
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Action of Alkalis o-?i the Methyl Derivatives of the Acid Aj. 

CH.'CH-CO^COsH 

a-Ketohomocam'phoric Acidy j I'Me^ 

CH2-CMe*C(X{l 

Both the monomethyl derivative of the acid A^ and the dimethyl 
lerivative, or methoxy-ester, are decomposed by boiling 50 pe> 
:^nt potassium hydroxide. In both instances, ammonia, without 
my detectable trace of methyl amine, is evolved. 

The decomposition is best carried out with the monomethyl 
derivative; here, in the initial stage of the reaction, the crystals 
chantye to an opaque mass, probably due to deposition of potassium 
salt and this is soon converted into an oil. The oil quickly dis- 
solves, and a sudden evolution of ammonia takes place. Action 
ceases after about ten minutes’ boiling, when the solution may be 
cooled acidified with hydrochloric acid, and extracted with ether, 
which removes a viscid, strongly acid oil. It was found exceed- 
ingly difficult to purify this product; at the end of some weeks’ 
exposure it sets to a pulp, which may be triturated with concen- 
trated hydrochloric acid, allowed to remain with it for some hours, 
and then transferred to porous earthenware. The white solid 
which is finally obtained in this manner can be further purified by 
dissolving it in the minimum quantity of anhydrous formic aejd. 
and then adding concentrated hydrochloric acid until a permanent 
milkiness results. After some hours, a quantity of the substance 
is deposited in white needles, which can he separated and exposed 
over paraffin wax and potassium hydroxide in a vacuum for several 
days (Found: C = 56-2, 58*4; H = S-9, 7-0. CnH,A requires 
C-57‘9; H = 7-0 per cent.). 

Samples titrated with alkali in the presence of phenolphthalein 
gave numbers for the equivalent somewhat wide of the mark, but 
showed the acid to be dibasic. 

In spite of the unsatisfactory analytical data, there can be no 
doubt that the formula giyen represents the composition of the 
pure substl-noe. The latter is excessively hygroscopic, hnt is never- 
iheless not readily soluble in water. It dissolves sparing y in 
benzene and still less readily in petroleum, but is freely soluble in 
alcohol, ether, acetone, or ethyl acetate; it does not appear to 
crystallise from any of these solvents, but separates as an oil. 
The acid in aqueous solution gives with ferric chloride a blue 
coloration, which disappears slowly in the cold and rapi y near 

100° ■ . u • 

The lead salt is but slightly soluble in water. The stiver salt is 
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sparingly soluble in cold water, but dissolves somewbat freely ia 
hot; it is not rapidly decomposed on exposure to light. 

When a-ketohomocajuphoric acid is heated, it melts at 135-139- 
with slight decomposition; at 170*^, the decomposition occurs 
rapidly, carbon monoxide and water being evolved, and a white, 
crystalline sublimate formed. This sublimate was purified by 
distillation in a current of steam and recrystallised from petrolemn 
(Found: 0-66*2; H-7-7. CioHiiOj requires 0-66*0; 
per cent.). 

The product melted at 218—219°, and its identity with camphoric 
anhydride was completely estahlished by the usual methods. 

a-Ketohomocaraphoric acid reduces boiling dilut-e copper sulphate 
solution; lead or manganese dioxides added to its warm aqueous 
solution instantly cause evolution of carbon dioxide with 
effervescence. 

The phemjlhydj'azone, C0|>H*C55Hj4*C(C02H).N2HPh,H.,0, was 
prepared by mixing the acid in about 1 per cent, aqueous solution 
with phenylhydrazine acetate ; the solid which separated was 
crystallised from dilute methyl alcohol (Found: C = 61'2; H-7*6; 
N-8-4. C17H0.AN2.ILO requires C-60*8; H-7-1; N-8’3 per 
cent.). 

The compound crystallises in needles and melts at 184°, with 
slight decomposition; it dissolves in aqueous sodium hydrogen 
carlmnate. displacing carbon dioxide. 

a-\mNitrnmhomoc(i7nphoric A dd, C02H*CgHi4’C(,N0II)*C0,2H. 

The ketonic acid (1 gram) was heated for an hour on the water- 
hath with a solution of free hydroxyl amine (about 1 gram) in 
absolute alcohol. The oil obtained by subsequently removing the 
alcohol did not crystallise, and had to be purified by dissolving it 
in ether and shaking the solntion repeatedly with water, drying, 
and evaporating to dryness. The clear oil dissolved completely in 
concentrated hydrochloric acid, and was precipitatwl on dilution 
with water. 

The i^onitroso-acid itself did not reduce Fehling’s solution, hut. 
after boiling with dilute hydrochloric acid, gave all the tests for 
hydroxylamine. On treatment with bromine water, pyridine, and 
hydrogen peroxide (Piloty’s test, Ber., 1902, 35 , 3099), it was con 
verted into a blue compound, which could be extracted by eth«. 

When heated in a vacuum, the ?>onitroso-acid decomposed, giving 
a white sublimate; the latter is strongly acid, and when extracte 
with boiling water yields, somewhat tardily, crystals, which me 
sharply at 148°; this product was compared with a sample of t e 
a-nitrile of camphoric acid prepared from wonitrosocamphor an 
acetic anhydride, and found to be identical with it. 
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It is noteworthy that a-ketohomocamphoric acid, its oxime, and 
also o-camphonitrile, are all difficult to obtain in stable, crystalline 
forms. This is possibly connected with the presence of the group 
•CH in direct attachment to >CO, >CtNOlI, and *CN respectively, 
combinations which are associated with the ready occurrence of 
isodynamic (tautomeric) change. 


Action of Ferrom Hydroxide and Alkali on the Acid Aj. 

CH,.CK CH-CO^H 

I ' ' 

a-CamphidonecarhoxyUc Acid, NH 

I ! I 

tJlIo-Uile UO 

Whilst most of the common reducing agents attack the acid 
either not at all or only with difficulty, the substance is very 
readily reduced by the following process. 

The acid (5 grams) is dissolved in 20 per cent, potassimn hydr- 
oxide (150 C.C.), the solution then added to one of crystallised 
ferrous sulphate (20 grams) in water (100 c.c.), and the whole 
heated at the boiling point for three hours. Some ammonia is 
evolved and the dark precipitate finally becomes pale brown. 
After filtration, the clear, aqueous solution is acidified with hydro- 
chloric acid and repeatedly extracted with ether, which, after dry- 
in<f and evaporating, furnishes about 4' 2 grains of a white solid. 
The quantity of ammonia liberated in the foregoing operation was 
found to correspond with about 10 per cent, of the nitrogen present 
in the substance used; the nitrogen-free product has not been 
isolated. 

The white solid, obtained as above, is best crystallised from 
acetone; from the cold solvent it separates in slender needles, 
which, if at once removed and dried, may be kept unaltered for 
some considerable time. If they are left in contact with the 
mother liquor, however, they soon become converted into plates, 
which represent the stable form of the compound. 

The needle form, if heated, appears to undergo crystalline change 
at 190—200°, and subsequently liquefies at 230°; if heated 
suddenly to a high temperature, the needles do not melt 
instantaneously below about 234°, so that it is probable that their 
true melting point is somewhat higher even than this. The mass 
obtained by allowing the fused substance to solidify usually melts 
at about 205°, hut it is uncertain what significance should he 
attached to this observation (Found: C = 62’2; H=8'0; N — 6 6. 
requires C = 62*6; Fr-6'6 per cent.). 

The equivalent, determined by titration with sodium hydroxide, 
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using phenolpTithalein, was 210; a monobasic acid, 
requires 211. 

Tbe molecular weight was determined in phenol by the cryo- 
scopio method, the number obtained being 205 (mean of three 
determinations) instead of 211, as calculated. 

a-Camphidonecarhoxylic acid is insoluble in light petroleum, 
moderately soluble in ether or water, and freely so in alcohol, 
ethyl acetate, acetic acid, or chloroform. Its solubility in water is 
greatly raised by the addition of hydrochloric acid. 

The aqueous solution is strongly acid and gives no coloration 
with ferric chloride. An aqueous solution of the sodium salt gives 
no precipitate with salts of silver, lead, mercury, copper, calcium, 
barium, or iron ; it rapidly discharges the colour of permanganate 
and bromine water. 

The free acid is exceedingly stable. It is not affected by boil- 
ing 50 per cent, sulphuric acid or potassium hydroxide, or by 
heating in a sealed tube with concentrated hydrochloric acid at 
180°. In small quantities, it can be distilled with only slight 
decomposition. It is not readily oxidised by chromic acid mk 
tures, and does not appear to react with acid chlorides, with nitrous 
acid, or with methyl sulphate. 

It was ultimately found possible to eliminate the carboxyl group 
by heating the silver salt. The latter was prepared by neutral- 
ising the acid in aqueous solution with silver carbonate, and formed 
long, colourless needles, which darkened on exposure to light; when 
cautiously heated in an atmosphere of carbon dioxide under 
diminished pressure, it decomposed and yielded a yellow sublimate. 
The latter was basic, and gave a characteristic picrate (m. p. 
189 — 1 91 which was purified by crystallisation, decomposed, and 
the free base recrystallised from light petroleum. The base formed 
arborescent leaflets melting at 230° (Pound: C — 71'7; H = 10'2; 
N = 8‘2, Ci(jHi 704 N requires C-71-9; II^lO'l; N^8-4 per 
cent.). 

The characters of the base were almost precisely those ascribed 
to a-camphidone by Tafel and Eckstein {Ber., 1901, 34 , 3280). 
Samples of the substance and its picrate were prepared from 
camphorimide, and direct comparison left no doubt as to the 
complete identity with the products above described. 

The authors gratefully acknowledge that a grant from the 
Research Fund of the Chemical Society was used in defraying part 
of the expense of the work. 

Chemical Laboratories, 

The UmvERSiTY, Manchester. [Received, May 20th, 1920.J 
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LXXI X. — Homocamphor. 


By Arthur Lapworth and Frank Albert Koyle. 


CAMPHOR (I) and the large group of compounds closely related to 
it have attracted an unusual amount of interest^ owing to the 
difBculty with, which they yielded up the secrets of their exact 
structures, The varied changes to which the molecules of these 
substances are prone are not less remarkable because the gross 
results of such transformations can now be represented graphically ; 
aud although analogies may be drawn between their transform- 
ations and those in some other series^ little is yet known of their 
mechanism. Again, although several ketones nearly allied to 
camphor have been prepared, these have not, for the most part, 
been very closely investigated, and therefore peculiarities in the 
behaviour of camphor have not yet heen clearly associated with 
irregularities in structure; it is not clear, for instance, what is the 
precise influence exerted by the methyl groups, or what would be 
the effect of a change in the size of the carbon rings. Epicairiphor 
(II) is unique as an instance of a compound which is very closely 
related to camphor, and has been experimentally compared with 
camphor in nearly all interesting particulars (Bredt and Perkin, 
1,1913,103,2182). 

In 1913, the authors had in view the desirability of studying a 
substance differing from camphor in one particular only, namely, 
in the inclusion of an additional 'CH^' group in the ketone ring. 
Chis substance they have prepared, and propose to term hojno- 
'.amphor (IH)^ It was originally hoped to make the research a 


CH,-CH— 'Clh, 

I ' I 

j ClMea I 

UH/CMe— CO 

(I) 


CO 

I * i ! 

me, 

CK.3 

(II.) 


CH-rUl — CH., 

I > ' 

llMpg CH.2 
I 1 I 

tThpCMe— CO 

(III.) 


fairly exhaustive one, but it was found that the preparation of 
homocamphor in sufficient quantity would be a very lengthy and 
costly undertaking, and the conditions which have succeeded the 
outbreak of war, when the work was interrupted, have made the 
project impracticable for the present. It has therefore been 
decided to describe the results which have already been obtained. 

The first step in the synthesis of homocamphor consisted in the 
preparation of camphorylmalonic ester (V) from camphonc 
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antydride (IV) and diethyl sodiomalonate by Winzer’g method 

{Armilen, 1890 , 257 , 298 ). 


CM 


• 00 . 

“\co 

(IV.) 




an. 


/C.G(C02Et).> 

<^0° ' 
(V.) 


CM 


/^H2‘CH(C02H)^ 

(VI.) 


By reduction of (V) (best carried out eleetrolytically under the 
conditions referred to in the experimental part) and subsequent 
hydrolysis, hydrocamphorylmalonic acid (VI) is obtained, and this 
is readily converted, on distillation, into carbon dioxide and 
Winzer’s bydrocamphoryl acetic acid (VII). The latter can he 
converted into homocamphor either by heating its lead salt in a 
current of carbon dioxide or by prolonged action of acetic 
anhydride, followed by distillation in a vacuum. Homocamphor 


-00,11 

j ^Mej 

CHj'CMe-CO.;!! 

(VII.) 


— CH„ 

! I I *” 
j OMej OHj 

CH^-CMe— CiNuH 
(VIII.) 


CH,-CH— CH, 
I I 1 ' 
j GMe, CH, 

GH=GMe ON 
(IX.) 


forms a colourless, indefinitely crystalline mass closely resemblini^ 
camphor in odour, taste, and in general behaviour towards solvents. 
Its optical rotatory power is, however, in the opposite sense to that 
of the camphor from which, through camphoric anhydride and the 
above series of reactions, it is prepared; it has [a]j,~112'9° in 
benzene, whilst camphor has [a]jj i-39T°. 

Homocamphor readily yields a semicarhazone and an orime 
(VIII). The latter closely resembles camphoroxime, and has mncli 
the same peculiar odour as that substance; like camphoroxime, it 
develops a perfume resembling that of raspberries when heated with 
sulphuric acid, and this is doubtless due to the formation of homo- 
campholenonitrile (IX). This product do^ not appear to be 
formed so readily as is campholenonitrile from camphoroxime, 
which fact seems to indicate a greater stability of the six-carbon 
ring as compared with the five-carbon ring in camphoroxime. 

An isouUroso-derivative (X) may be obtained from homocamphor 
under conditions similar to those used in converting camphor into 
its wonitroso-derivative, and closely resembles the latter in proper- 
ties. By the action of acid form aldehyde on wonitrosohomocamphor 


CHg-CR—CHj 
j (JMej (1 j:NOH 

CHj'(JMe— CO 

(X.) 


CHj-CH-’CH, 
} 1 I 

j (JMej CO 

CH^'CMe— (JO 
(XL) 
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^comparei Lapwortt, T., 1896, 69 , 323), a small quantity of a 
volatile, yellow compound is obtained, and this much resembles 
camphorquinone, although it appears to be less intensely coloured ; 
it is doubtless homocarnyhorquinme (XI) . 

In order to establish the structure of homooamphor, which in 
the absence of further data would have rested on the assumptions 
that Winzer’s hydrocamphoryl acetic acid has the structure (VII), 
and that no change of structure had attended the ring -closure at 
the succeeding step in the synthesis, advantage was taken of the 
ease with which cyclic ts o nitr os o- ketones, like f^oiiitrosocamphor, 
undergo the Beckmann change, becoming converted into amides 
or imides of the open-chain dicarboxyl ic acids. woNitrosohomo- 
camphor was wanned with acetyl chloride, and the product hydro- 
lysed. with alkali j as was anticipated, hoviocatiipho-nc acid (XII) 
was precipitated on addition of acid, so that there can be no ques- 
tion that the structures assumed for homocamphor (III) and its 
iisointroso-derivative (X) are correct. 

Ex PE R I MENTAL. 

Camphorjlmalonic ester was prepared by the condensation of 
ethyl sodiomalonate with camphoric anhydride in benzene, in 
accordance with Winzer's method iloc. cii.). Tt was obtained as 
a viscid, colourless liquid distilling at 218°/ 20 mm., and ultimately 
sei/tiug to a solid, which melted at 81° after re crystallisation from' 
benzene. The yield fluctuated between 70 and 75 per cent. 
Attempts to shorten the time required for the condensation process 
by substituting toluene for benzene as solvent were not successful, 
and a trial of substituting camphoryl chloride for camphoric 
anhydride (Winzer, loc. dt,) did not give encouraging results. 

For the reduction of camphorylmalonic ester, comparative tests 
of several methods were made. AVinzer used sodium amalgam, 
allowing this to act on an alcoholic solution of the unsaturated 
ester, with such intermittent additions of sulphuric acid as were 
re<]|uired to maintain a slightly acid reaction in the solution. He 
does not give the yield. In using this method, the present authors 
found that a decided improvement was effected by omitting the 
additions of sulphuric acid and employing instead a constant 
stream of carbon dioxide. 

Much trouble was at first experienced in obtaining the hydro- 
camphorylmalonic acid in crystalline form, and the cause of this 
was ultimately traced to the fact that during the reduction the 
hydrolysis of the ester is not by any means so complete as inzer s 
description would lead one to infer, and appreciable quantities of 
VOL. cxvn. ® ^ 
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the mono- and di- ethyl esters of hydrocamphorylmalonic acid are 
invariably left. It is therefore necessary, after the reducticti itself 
is complete, to add to the solution a considerable excess oi alkali 
and to heat for some time; when a portion of the liquid on acidifi. 
cation, yields an acid which solidifies at once, the whole may to 
worked up in the usual manner. With these precautions, the 
authors were able to obtain yields of pure hydrocamphorylmalonic 
acid corresponding with 66 per cent, of that theoretically possible. 

Many experiments were also made with the view of effecting the 
reduction electrolytically. A pure lead sheet, 20 x 30 cm., care 
fully polished, cleaned, and then covered with a deposit of spongy 
metal, was employed as cathode, and a sheet of platinum foil 
5x2*5 cm. as anode. A. clean, porous porcelain cell was used to 
contain the anode liquid (dilute sulphuric acid), and this wag 
immersed in a beaker containing the cathode liquid. Glass spirals, 
through which cold water circulated, were immersed in the electrode 
chambers, and served for cooling purposes. The cathode liquid 
contained the unsaturated ester (20 grams) dissolved in a mixture 
of spirit (1500 grams) and concentrated sulphuric acid (150 grams). 
A current- of 2 amperes at 10 volts was employed until reduction 
was complete, when the cathode liquor was completely hydrolysed 
with excess of alkali and worked up for hydrocamphorylmalonic 
acid. By this process, yields of 85 per cent, of the theoretical were 
normally obtained, but, like other similar reduction processes, 
success is uncertain unless the utmost care is exercised to ensure 
the purity of the fluids, electrodes, and cells. 

Aluminium amalgam, used as reducing agent in diluted alcohol 
gave yields of hydrocamphorylmalonic acid amounting to only 
57 per cent, of the theoretical. Other methods of reduction, 
including the use of gaseoiis hydrogen and colloidal palladium, 
proved even less satisfactory. 

The crude hydrocamphorylmalonic acid obtained by any of the 
above processes was converted into hydrocamphoryiacetic acid by 
heating for an hour in an oil-bath at 180°, and then distilling in 
a vacuum; the fraction boiling at 260 — 270°/ 20 mm. yielded, as a 
rule, the pure hydrocamphoryiacetic acid, melting at 142°, on it 
crystallisation from water. Occasionally, however, the product 
contained an impurity of an un saturated character, in which ca^c 
it was dissolved in sodium carbonate and left in contact with excess 
of permanganate for an hour, when it was subsequently reco\ere' 
in satisfactory condition. 
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Dimethyl H ydrocumphor i/Iacetate . 

As one of the carboxyl groups of bydrocampborylacetic acid is 
attached tx> a quaternary carbon atom, and is therefore resistent 
to the ordinary esterification processes, the dimethyl ester of the 
acid was prepared through the normal silver salt. The latter was 
readily obtained as an insoluble precipitate on addition of silver 
nitrate to the aqueous solution of the neutral sodium salt. The 
washed salt, dried at 110^, was boiled for three hours with methyl 
iodide dissolved in dry ether. The resulting ester was worked up 
in the usual manner, the main fraction being obtained as a colour- 
less, viscid oil boiling at 175^/20 mm. Found; C = r>rv5; H = 9-6. 
C54H..4O4 requires C^65‘6; H = 9-4 per cent.). 

By cooling in liquid air and allowing the temperature slowly to 
rise, the oil set to a crystalline mass melting at about 25^. 

An acid by-product, doubtless the viomrniethi/l ester, was isolated 
during the working up of the diethyl ester; it distilled at 
202—2120/19 mm. as a viscid, colourless oil which, when the 
interior of the containing tube was scratched with a glass rod, 
solidified to a mass of small needles. 

When the above dimethyl ester is heated with excess of sodium 
methoxide at about 100°, the whole becomes brownish-red. On 
subsequently acidifying the solution, there is obtained a product 
which with ferric chloride gives a red coloration, soluble in amyl ' 
alcohol, and a copper derivative which is insoluble in water but 
soluble in alcohol. These facts point to the presence in this pro- 
duct of methyl homocamphor car boxy late, 

but this substance, from which it was hoped to prepare homo- 
camphor, has not been closely examined, as the desired end was 
ultimately attained by a shorter route. 


Homocam phor (III. p. 743). 

This substance was obtained from hydrocamphorylacetic acid by 
the following processes : 

(1) The acid was converted into its neutral sodium salt, and this, 
double decomposition in aqueous solution with lead acetate, 
mto the lead salt, which forms a heavy, white precipitate, and may 
be collected, washed with water and alcohol successively, and dried 
at 100°. 


E E 2 
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Ten grains of this salt were placed in a wide, hard-glass tube 
which was slowly heated in an inclined position while a current of 
carbon dioxide was led through it from the higher end. 
lower end of the tube was connected by means of an adapter to 
a flask, which served as a receiver, the issuing gases from the latter 
being passed through ether in order to retain the last traces of 
homocamphor. The crude product, after carefully evaporating oU 
the ether used to collect it all, was a pale brown solid, and was 
purified by distillation in a current of steam. 

(2) Homocamphorylaoetio acid (8 grams) was boiled with acetic 
anhydride (20 grams) for several hours, and then allowed to remain 
at the ordinary temperature for some days. The acetic anhydride ; 
was subsequently removed by distillation, and the residue slowlj ^ 
heated under diminished pressure (12—20 mm.), the semi-solid 
distillate being warmed with aqueous sodium carbonate and 
distilled in a current of steam. 

H omocdM'phoT forms a white, indistinctly crystalline mass. In 
appearance, odour, and behaviour towards the usual media, it very 
closely resembles ordinary camphor, and, like that compound, is 
appreciably soluble in water, to which it communicates a camphor- 
aoeous odour. It was analysed after exposure in a vacuuiD 
desiccator over sulphuric acid (Found: C = 79'3; H-10'9. 
requires C-79-5; H = 10 9 per cent,). 

Homocamphor melts at 189—190°, and sublimes readily far 
below this temperature. It is laevorotatory, and has [a]^, -11'2'9' 
in 4 per cent, solution in benzene. 


Homocdmphorsemicarhazone, CiiH;^g*,N*NH*CO*NH 2 . 

This is readily obtained by boiling homocamphor in alcoholic 
solution with semicarbazide hydrochloride and sodium acetate ior 
three hours. It crystallises from alcohol in slender, colourless 
needles melting and decomposing at 250 — 252'^. . The substance ii 
very sparingly soluble in water, but dissolves readily in methyl or 
ethyl alcohol. Cold concentrated hydrochloric acid dissolves it. 
and, on adding water, the semicar bazone is precipitated unchanged,, 
but, if steam is passed through the solution, pure homocamphor 
passes over. 


Homocamphor oxime (VIII, p. 744). 

This is prepared by dissolving homocamphor (1 gram) in alcohol, 
adding solid hydroxy lamine hydrochloride (0-8’ gram) and soauni 
acetate (2 — 5 grams), and boiling the whole for two hours on 
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rater-batli. On cooling and diluting with water, the oxime is 
1 ^ly deposited in crystals, which are collected and recr^^stallised 
' m dilute methyl alcohol (Found: C-73’3; 11-10-7; N = 7-9. 
C^nic>ON requires C = 72'9; H-lO-fj; per cent.). 

*This oxime much resembles camphoroxime in general behaviour 
tftvvards organic solvent media, and has much the same peculiar 
jdour as that substance. It crystallises from dilute methyl alcohol 
in long needles melting at 167 — 168°. When a small quantity of 
the oxime is heated with a drop of concentrated sulphuric acid, an 
odour very similar to that of campholenonitrile becomes perceptihle: 
t}]e quantities of material available did not admit of the product 
being isolated. 


\^oNitTOsohnmncamp}wr (X, p. 744). 

Homocamphor (3 grams') is dissolved in anhydrous ether 
(100 C.C.), and finely powdered sodamidc (2 grams') is then added. 
The whole is stirred mechanically for two hours, then cooled to 0°, 
and maintained at this temperature while freshly distilled amyl 
nitrite (4*5 c.c.) is gradually introduced. After remaining over- 
niffht, the product is poured into ice-water, the aqueous layer 
separated, extracted repeatedly with ether, and then acidified with 
.cetic acid. The precipitated solid (2 grams') is collected, washed 
nth water, dried, and crystallised from a mixture of benzene and 
ieht petroleum. 

The substance dissolves in all the usual organic media, and 
iiystallises from water in long, slender needles, and from benzene 
ind petroleum in small, flat plates. It melts at 167--168°. 

It dissolves in formaldehyde (40 per cent.'), and if the solution 
s warmed on the water-bath for two hours and then heated with 
excess of hydrochloric acid under a reflux condenser, minute, pale 
yellow crystals, which have a sweet, camphoraceous odour, collect 
tithe condenser tube; these crx^stals doubtless consist of how o- 
:amp}iorqumone (XI, p. 744). The rate of formation of this com- 
pound is not so rapid as that of ordinary camphorquinono from 
i'ouitrosocamph or in similar circumstances (compare Lapworth. loc. 
(it.), and as the yield was ven^ small, sufficient could not be 
obtained for accurate characterisation or analysis. 


Vonimon of b.oNifro.mho77ioconiphnr info }f owocarn phone Acuf. 

. isoNitrosohomocamphor (0-5 gram) was boiled with acetyl chi oiid 
for five hours, the solutioti then evaporated to dryness, an e 
Mid residue boiled with 40 per cent, aqueous potassium hydroxide 
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for ton hours, during which time ammonia was slowly evolved. 
After a preliminary extraction with ether to remove neutral 
material, the alkaline liquid was acidified with sulphuric acid. 
The resulting brown acid which was precipitated proved to l)e 
highly insoluble in most of the ordinary organic media, hut dis- 
solved freely in boiling nitrobenzene, and, on cooling, separated in 
microscopic needles melting at 233° ; its equivalent, determined by 
titration against J/lO-sodiiim hydroxide, using phenolphthalcin as 
indicator, was 106. The characters described are precisely tbose 
of hoTTiocdm phoTic myi-d (XII, p. 744), the calculated equivalent of 
which is 107. 

The authors desire to acknowledge that a grant from tie 
Research Fund of the Chemical Society was used to defray pan 
of the expense incurred in this investigation. 

Organic Chemical Laboratories, 

The University, Manchester. { E^ctivedy May 20 ih , 1920.] 


IjXXX.— T he Nitration of Aceto-mdoluidide, 

By James Wilfred Cook and Oscar Lisle Brady. 

From the nitration products of m-tolnidine, only G-nitrow-toluidiiie 
has been isolated, although evidence has been obtained that at least 
two of the other possible isomerides are formed in small quantities. 
Nitration in the presence of excess of concentrated sulphuric acid 
does not lead to meta-substitution. From aceto-w-toluidide. the 
4- and 6-nitro-m-toluidines have been isolated, and this result has 
been confirmed by the present authors. 

The dinitration of aceto-??i-toluidide should, theoretically, give 
rise to three isomerides, and the reaction has been studied idth 
the view of obtaining moderate quantities of 2 : 6-dinitro 
toluidine for the synthesis of 2:3: 6-trinitrotoluene. 

Aceto^w-tolnidide is added in small quantities at a time to ten 
times its weight of nitric acid (D L5) with thorough agitation, tne 
temperature being kept below 25° ^ on pouring into water a 
mixture of the dinitroaceto-m-toluidides separates as a pas} 
mass. This cannot be recrystallised satisfactorily, so is cori- 
verted into a mixture of the amines by heating on the water- 
for an hour with 50 per cent, sulphuric acid, i 

tarry matter through glass wool, and diluting the fil r 
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water. Tt© precipitated amines are collected, washed and dried, 
a product is obtained which sinters at 90° and melta 
completely at 150°. 

i^ei^rati^ of the Dinitro-m-toluidines.—TH mixture of dinitro- 
Bi-toluidines is fractionally re crystallised from alcohol. The first 
fraction which separates from the hot alcohol melts at 170°, on 
diluting somewhat with water a second fraction melting at 145° 
is obUined and on completely preci{)itating the filtrate a third 
fraction melting at 92 — 93°. 

By further recrystallisatioii of these fractions and combining 
the products of higher melting point, a compound melting at 
193-494° is obtained, which proved to be 4 : 6-dinitro-w-toluidine. 
Its identity was established by the mixed melting-point method 
with the compound obt.ained by the action of ammonia on 3:4:6- 
trinitrotoluene (Hepp, A'nnalen, 18B2, 215, 371). This compound 
was not oriented by Kepp, and is incorrectly given as a derivative 
of p-toluidine in Richter’s ‘'Lexicon.'’ The correct formula is 
argued to it by Will (7?er., 1914, 47, 708)^ who obtained from it 
2 : 4-diiiitrotoluene by removal of the amino-group. The compound 
has also been oriented by one of us in several ways. 

The fractions of lower melting point could not be separated by 
recrystallisation from alcohol, acetic acid or benzene, but if they are 
acetylated with acetic anhydride and the dinitroaceto-??i-toluidides 
recrystallised from alcohol, 2 : G-diiiitroaceto-m-toluidide (m. p. 
163°; Korner and Contardi, Atli R . Accad. Lincei, 1916, [vj, 25, 
ii, 339) separates first and can readily he obtained pure. 

The identity of this compound was confirmed by hydrolysis to 
the amine (m. p. 131° crude; Korner and Contardi. loc. cit., give 
133‘8°), removal of the amino-group by the diazo-reaction and 
identification of the 2 : 6-dinitrotoluene obtained by the mixed 
melting-point method. 

Ko 2 :4-dinitro-wi-toUudine has been isolated from the nitration 
product and from a consideration of the relative solubilities of the 
three diiiitro-m-toluidiiies and of their acetyl derivatives, and of 
the course of the fractional crystallisation of the mixture, it seems 
probable that little, if any, of this compound is formed in the 
nitration of aceto-r/?.*toluidide. 

In one experiment, on recrvstallising the acetyl compounds from 
the fractions of lower melting point, a compound melting at 
228^230° was the main product and this proved to be slightly 
impure 2:4:6*triintroaceto-m-toluidide. It was thought that 
2 :4'dinitr0'm-acetotoluidide might be more readily nitrated than 
the other isomerides, and for this reason not appear as such in 
the product; experiment has shown that this compound is not 
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nitrated under the conditions of experiment, and that, niore 
vigorous treatment leads to decomposition. 

Nitration of ^-Nitroaceto-vo-tolnidide, — 6-Nitroaceto-mdolai(]ic|e 
was at first prepared by Cohen and Dakin’s method (T., 1903, 83, 
33), but later a modification was introduced which simplified the 
separation of the two isomerides formed. 

To a mixture of 100 c.c. of nitric acid (D 1-5) and 25 c.c. of 
glacial acetic add, c(K>led in ice, 20 grams of aceto^m-tohndide 
are added. After an hour, the mixture is poured into U litres of 
water and the solid which separates is collected at once. This 

melts at 101—102° and is almost pure 6-nitroaceto-m-toluidide, 

one crystallisation from alcohol yielding the pure substance. The 
filtrate, on remaining overnight, deposits more crystals which tnek 
at 68 — 75°, one r eery st alii sation from alcohol giving pure 4-nitro- 
aceto-?7t-toluidide. 

The 6-nitroaceto-m-toliudide is added to excess of nitric add 
(D T5), the temperature being kept below 25°, the mixture allowed 
to remain for an hour and poured into water. The pasty solid 
is extracted with ether, the ethereal solution washed with water, 
the solvent removed and the residue hydrolysed with 50 per cent 
sulphuric acid. The amines, after precipitation by dilution, are 
separated in a manner similar to that described above. In this 
way 4:6- and 2 : 6-dinitroaceto-m-toluidide3 are obtained. 

2 : 4- and 4 : ^-Vinitro- and 2:4: ^-Trimtrn-aceto-ro-ioluuhk^. 

These compounds have been prepared for the purpose of identify- 
ing the various acetyl compounds obtained in the above reaction. 
They are obtained by warming the corresponding amines with 
acetic anhydride in the presence of one drop of concentrated 
sulphuric acid, pouring the product into water and recrystallising 
the precipitated acetyl derivative from alcohol, 

2-A-Dinitr(xiceto-m4oluuJide crystallises in colourless needles 
melting at 211—212°: 

0*2895 gave 45*3 c.c, N.. at 20 5° and 745 mm. N^17*9. 

CgHgOrjNy requires N — 17*6 per cent. 

^iQ-Dinitroaceto-m-toIuidide crystallises in pale yellow needles 
melting at 103° : 

0*2167 gave 33-8 c.c. N. at 18° and 746 mm. N = 18-0. 

C9H{,Or,N3 requires N = 17*6 per cent. 

2A:&-T?initrmceto-m4oluididf'. crystallises in microscopic, white, 
silky needier melting and decomposing at 249° :. 

0’1029 gave 17*8 c.c. No at 18° and 751 mm. N = 19‘9. 

CflHg07N^ requires N = 19‘7 per cent. 
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Siiijimarising, the main product of the dinitration of acett>m- 
toluiciide and of the nitration of 6 -nitroaoeto-m-toiuidide is 
4 : 6 -(linitroacetoKm-toIuidide. A smaller quantity of the 2 : 6 -di- 
iiitTO'Compound is formed and little, if any. of the 2 : 4 -dinitro- 
derivative. 

Obcanto Chbmioax Laboeatories, 

University College, London. [/Jecnvaf, April 2l5i, 1920.] 


LXXXI . — Studies in the Camphane Series. Part 
XXXVIII. The Cyanohydrazone of Camphor- 
(juinone. 

By Martijt Onslow jPorstee and William Bristow Saville, 

Although the aliphatic diazO'Compounds have received increasing 
jittention during recent years, their behaviour towards potassium 
cyanide has not been systematically studied. Peratoner and 
Palazzo [Atti U. Accad. Lincei, 1907, [v], 16 , ii, 432, 501) noted 
the production of acetonitrile and methylcarbykmine from diazo- 
methane and hydrogen cyanide, whilst AVolff [Annalen, 1902, 325 , 
149) found that diazoacetophenone and potassium cyanide gave a 
product which he represented by the formula 

C6H5-c(ok);ch‘N:n>cn, 

and regarded as derived from acetophenoneazocyanide, 

CeHo-CO-CH.vN:N‘CN ; 

he also described it as yielding " acetophenoneazocarbaraide,” 
Q-IL/CO-CHi-NIN-CO-NII^, with boiling dilute sulphuric acid. 
In a subsequent paper with Liiidenhayn (Tier., 1903, 36 , 4126), the 
possibility of acetopheuoueazocyanide being phenylglyoxalcyano- 
hyclrazone, Cp,Hi;‘CO*CH!N*NII’CN. was indicated, but evidently 
not preferred, by Wolff, because in a much later paper with 
Greuiich [Annalm, 1912, 393 , 41) the corresponding product 
from diazoaoetone was represented by the formula 
CHg-CO-CII^-NlK-CN, 

Diazocamphor being now a convenient material in which to 
observe the behaviour of the diazo-group, we have prepared from 
it by the action of potassium cyanide a compound which can 
scarcely be other than the cyanohydrazone of cainphorquinone, 
because it dissolves in sodium carbonate and is hydrolysed very 
readily by acids to the a-semicarbazone. It seems to follow that 
the alternative grouping, CII’N'.N’CN, adopted by Wolff is 
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excluded, and that his “ acetophenoneazocarbamide ” is really 
phenylglyoxalsemicarbazone, the phenylhydroxytriazine derived 
from it being, therefore, 

instead of 

It is thus 5-phenyl-3-oxy-l : 2 : 4*triazine, strictly comparable with 
5 : 6-diphenyl-3'Oxy-l : 2 ; 4-triazine prepared by Thiele and Stance 
(Annalen, 1894, 283 , 27) from benzilsemicarbazone, and with 
camphaneoxytriazine from camphorquinone-^ - semicarbazotie 
(Forster and Zimmerli, T., 1910, 97 , 2176). 

Unfortunately, the readiness with which the cyano-group in the 
cyanohydrazone undergoes hydrolysis has precluded the isolation 
of cy a nohydrazine, NH 2 *NH’CN, which was one of the objects of 
our inquiry. Moreover, finding that a methyl derivative is readily 
obtained from the cyanohydrazone, and thus hoping to arrive at 
methylcyanohydrazine, NH. 2 ’N(CH 3 )'CN, we encountered another 
unforeseen obstacle. Not only did the cyano-gronp undergo 
hydrolysis with equal readiness, but the methylsemicarbazide 
obtained by complete hydrolysis of the camphorquinoneinethyl 
cyanohydrazone is nut 2-methylsemicarbazide, as would be expected 
from the changes, 

c:n-n(ch3)-cn .c:N'N{ch,)-cO'Nh 

*^8^14\qq — »■ 

ro 

+ NH2-N(CH3)-C0-NH,, 


but an isomeric substance melting at 91 -5° instead of 113°. In 
view of the indifference towards benzaldehyde shown by this 
isomeride, the only conclusion to be drawn is that it is the missing 
1 -methylsemicarbazide, CH 3 *NH*NH*CO*NIl 2 , and that methyt 
ation of the cyanohydrazone has proceeded as follows : 


u:n*nh-cn 


CM, 


*< 6 : 


CH, ^ 

c:n*nk*cn 
I X 
^(JO 

,c:n(ch3):n-cn 

')0 


Support is given to this conjecture by the fact that whilst the 
cyanohydrazone is colourless and has [M]p 574°, the methyl deriv- 
ative is bright yellow and has 1460°; since the a-scmicarb- 

azone with [M]p 619° and the methyl semicarbazone are also colour- 
less, it is reasonable to conclude that the cyanohydrazone, which 
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passes into the semicarbazone so readily, is closely allied to it in 
structure, and that this has become modified in methylation. 
Soiue analogy to such a change is ofiered by the alkylation ot 
oKimes, the products ot which may be referred to both types, 
q;XOH and CINHIO. 

When hydrolysis of camphorquinonecyanohydrazou© is elf ec ted 
with mineral acids in methyl or ethyl alcohol, the a-semicarbazone 
is accompanied by a basic material, the composition of which is 
that of the cyanohydrazone increased by the elements of the 
jjcohol employed. These compounds are indiferent towards 
alcoholic potassium hydroxide or benzoyl chloride, but are con- 
certed into camphor quin one and its semicarbazone by hydrochloric 
jeid • this behaviour and origin suggest that the bases are 

' o:n-nh.c(0-ch,);nk yN-MH-c(o.c,H,);NH 

representing a new class of compounds, namely, imiuo-ethers of a 
semicarbazone. 

Experimental. 

x:n*kh-cn 

Camjfhorqmnonecj/imohydraione^ 

Whilst diazocamphor is completely transformed into the 
potassium derivative of the cyanohydrazone when an alcoholic 
solution remains for several days in contact with finely powdered 
potassium cyanide, action is more expeditious when the salt is 
dissolved in the minimum quantity of water. A solution contain- 
ing 20 grains of diazocamphor in 100 c,c. oi alcohol was therefore 
mixed with 25 grams of potassium cyanide in 50 c.c. of water, 
alcohol being then added in quantity just sufficient to form a clear 
liquid After four days, the solution was diluted largely with 
water and extracted three times with ether, the faintly yellow, 
aqueous portion being then deprived of the major part of its 
ether-content by cold exhaustion during one hour at the water- 
pump. Acidification with dilute hydrochloric acid precipitated the 
cyanohydrazone in glistening, almost colourless crystals, the filtrate, 
which still contained ether, depositing a small additional quantity 
on keeping ; the product weighed 19 grams. If the partial removal 
of ether prior to precipitation is omitted, addition of acid separa s 
an ethereal layer, which maintains the cyanohydrazone in so ution, 
besides impairing the quality of the product. The substance was 
purified by dissolution in 2^ parts of acetone, to which 6 parts of 
petroleum (b. p. 65°) were then added, pearly leaflets being pre- 
cipitated; it becomes red at 141°, evolves gas at 204 , and a ew 

E E* 2 
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degrees above this temperature melts indefinitely to a red 
(Found: C-64'53; H-7*27; N = 20'52. C 11 H 15 ON 3 requires 

C = 64-39; H==7'31; N = 20‘d9 per cent.). The cyanohydrazoue 
dissolves in alkali carbonates, and is readily soluble in organic 
media, excepting petroleum. A solution containing 0'3005 gram 
in 25 'c.c. of 10 per cent, sodium carbonate gave in a 

1 -dcm. tube, whence [a]^ 361-9°, which did not change during five 
weeks when protected from light ; on exposure, however, the liquid 
rapidly became yellow and turbid. When examined immediately, 
a solution containing 0‘3000 gram in chloroform diluted to 25 c.c, 
gave 3 ° 21 ' in a 1 -dcm. tube, rising during nine days to 3^37', 
and subsequently falling ; thus, the rotatory power in this solvent 
varies between [a]^ 279-1° and 301-4°. In alkaline solution, the 
cyanohydrazone is reduced by zinc dust or sodium “ hydrosulphite" 
to aminocamphor (identified as the benzoyl derivative), but it does 
not couple with benzenediazonium chloride. 

The yellow compound into which the cyanohydrazone changes 
when the solid, or its solution in sodium carbonate, is exposed to 
light, appears to bo the isomeride arising from the transformation 


CiN-NH-CN 


ci]-n:n-cn. 


it crystallises from alcohol in silky, yellow needles containing tht 
solvent, and was therefore precipitated from benzene by petroleun 
(Found: 64-18; H-7-43). The substance becomes red ai 

182° evolving gas at 189°, and passing to a viscous, red liquid ai 
193°; it yields camphorquinone when heated with dilute sulphurii 
acid. 

The methpl derivative of the cyanohydrazone was prepared^ b' 
shaking 20 grams dissolved in 80 c.c. of 10 per cent, sodiim 
carboimte with 12 grams of methyl sulphate, and separated afle 
thirty minutes in sulphur-yellow needles, weighing 19 grams; 1 
melts at 135° after recrystallisation from methyl alcohol, separatin: 
in lustrous, transparent, six-sided plates (Found: 

2 = 7-85; N = l9-26. CJ 2 H 17 ON 3 requires C = 65*75; H=7-i6: 
N — 19T8 per cent.). It crystallises from boiling water in Ion?- 
pale yellow needles, and is not volatile in steam. A solution con- 
taining O’ 2000 gram in chloroform diluted to 25 c.c. gave 
ajy 5 ° 20 ' in a 1 -dcm. tube, whence [ 0 ]^ 666 * 6 °. 

The benzoyl derivative, prepared by the Schotten-Banmanu 
process, crystallises from alcohol in long, colourless, striated plate^ 
melting at 155° (Found: N = 13*71. CigHigOgNa requires 
N;==13’59 per cent.). A solution containing 0*2016 gram 1 
chloroform diluted to 25 c.c. gave 2°25^ in a l-dcm. tu 
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whence [aln 299' 6^. Under conditions which led to hydrolysis of 
^]j 0 cyanohydrazone, tEe benzoyl derivative remained unchanged. 

Xlie OrCetyl derivative was produced in the course of two days 
^'hen the cyanohydrazone remained suspended in two parts of 
acetic anhydride, and, after crystallisation from glacial acetic acid, 
jnelts at 104® (Found: N — 16’98. requires N = 17*00 

per cent.). A solution containing 0-2048 gram in chloroform 
diluted to 25 c.c. gave 2®50' in a bdcm. tube, whence 
l„]„ 345-8°. 

Attempts to prepare benzyl, />toluenesulpbonyI, and hydroxy- 
ethyl derivatives of the cyanohydrazone were unsuc.cessful. 

Action of Acid^ on. CawpJwrquinoneqtanohydrazone, 

The course of hydrolytic change undergone by the cyanoliydr- 
azone varies materially with experimental conditions. Thus cold 
concentrated sulphuric acid liberates gas, whilst 50 per cent, acid 
produces hydrazine and camphorquinone in a few minutes when 
warmed. With oxalic acid in hot alcohol, the a-semicarhazone of 
camphorquinone is formed, and this arises also when the cyano- 
hvdrazone, dissolved in alcohol, remains during several days with 
hydrochloric or sulphuric acid; simultaneously, there is formed a 
basic substance, melting at 79-5®, when ethyl alcohol is used, and 
a lower homologue, melting at 133°, along with azocam phan one 
when methyl alcohol is the solvent. 

Twenty grams of the cyanohydrazone dissolved in 30 grams of 
alcohol were left with 32 grams of concentrated hydrochloric acid 
during ten days, in which period there separated lustrous, colour- 
less plates, augmented to 5 '8 grams by dilution with water; this 
was identified with the a-semicarbazone by complete analysis and 
a melting point of the mixture. The quantity obtained from 
10 grams of the cyanohydrazone in 20 grams of alcohol with 
15 grams of sulphuric acid w'as very small, but a 50 per cent, yield 
was produced by bydrocbloric acid when methyl in place of ethyl 
alcohol was used. 

The Accompanying — On rendering alkaline with sodium 

carbonate the filtrate from semicarbazone, there was precipitated 
a yellow, granular base, weighing 8 grams in the above experi- 
ment with hydrochloric acid and 7 grams in that with sulphuric 
acid, which is thus more favourable to its production. After 
being twice recrystallised from alcohol diluted with w^ater, it melts 
at 79'5®, separating in long, lustrous, pale yellow^ needles (Found. 
C = 62-06; H = 8‘46; N = 16-73. requires C = 6215; 

H=8*36; ]Sr = 16’73 per cent.). A solution containing 0-2000 gram 
n chloroform diluted to 25 c,c. gave 2®14^ in a 1 -dcra. tube, 
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whence [a]j, 279' 1®. The substance is indifferent towards alcoholic 
potassium hydroxide, hut when warmed with hydrochloric acid 
yields a mixture of camphorquinone with the a-semicarhazone : 
a suspension in sodium hydroxide is unchanged by benzoyl chloride. 
The homologue was prepared by carefully mixing the cyano- 
hydrazone (10 grams) dissolved in methyl alcohol (20 grams) with 
concentrated sulphuric acid (15 grams). After one weeh, lihcral 
dilution with water precipitated a small amount of azocamphanore, 
the filtrate giving a deep vellow, viscous product when rendered 
alkaline. This was washed and set aside for many weeks, chirircr 
which time it gradually became friable, aud was then extracted 
several times with hot petroleum (b, p. 65°), which removed a verv 
small quantity of a vellow, crvstalline material melting at 86°. 
A solution of the residue in cold methvl alcohol was diluted with 
water until turbid, and the clear liquid decanted next day from 
an oily deposit ; a yellow, solid hnse then separated, aud molts at 
133° after re crystallisation from methvl alcohol (Pound: 

H = 8-27; N = 17-66. C,oH,oO..N. requires C-GOuG; 
H:^8-01 ; N^17‘72 per cent.). A solution containing 0-2023 gram 
in chloroform diluted to 25 c.c. gave ctj, 2°9' in a l-dcm. tuhe, 
whence [a]^ 265 •7°. 


TlyrlroJi/sis of the Methyl Derivative of nam.phorqykoveryano- 
hydratove. 

The conditions which produce the a-semicarbazone from thp 
cyanohydrazone did not lead to the corresponding Ineth^d deriv- 
ative from the methylated cyanohydrazone : instead, the hvdrazitip 
residue appears to be removed in the form of 1 -methylsemicarli- 
azide, associated with a compmind havins the empirical formula 
of the original methyl derivative, but mcltinc; at 101''. 

The methyl derivative (10 sramsl in alcohol (30 vramsl was left 
with anhydrous oxalic acid (4-1 crams') during ten days, when the 
solution had deposited colourless, silkv needles (0'6.5 yraml. Tliese 
having been filtered, liberal dilution with water precipitate:, a 
vellow, viscous product. (6'8 grams'), from which steam ymoved 
camphorquinone (1-4 grams'); hy treatment with ^ 

sticky residue yielded a pale yellow substance, which “«’**” *" 
after crystallisation from petroleum (Found: C-66'Oo; H- a- 
N = 19-01. C,,H,,0N3 requires C-65'75; H = 7-76; 

<■6111.). This product yielded camphoriiuinono with 
acid, and its formation was not observed when the methyl^ den ■ 
ative was heated with oxalic acid in alcohol under reflux ms e 
of remaining at the ordinary temperature. Thus the forrner p ■ 
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cedure is preferable for obtaining the l-metbylsemicarbazide 
o^date, 1'2 grams of which was produced from 6‘6 .grams of the 
niethyls-f^d cyan ohydra zone. It is freely soluble in water, from 
ffhich alcohol precipitates it in colourless, silky needles; it melts 
and effervesces at 171° (Found: N = 23-74. CoH 70 N 3 ,C 2 n 204 
requires N = 23*46 per cent.). 

l-Methyhemicarh azide was isolated by heating the oxalate in 
water with calcium carbonate until effervescence ceased, evapor- 
ating the filtrate to dryness, and extracting the residue with boil- 
ing benzene, which deposited colourless, pearly leaflets melting at 
91-5° (Found: 1^^47-01. CoH-ONg requires N^4719 per cent.). 
It rapidly gives a mirror with ammoniacal silver oxide, and reduces 
Fehling’s solution on boiling, but it does not combine with benz- 
aldehyde. The oxalate was also obtained by decomposing the 
methyl derivative of the cyanohydrazone (^0 grams) in alcohol 
(40 grams) with sulphuric acid (5 grams) at the ordinary tempera- 
ture, diluting largely after ten days, filtering from camphorquin- 
one (2*6 grams), neutralising with barium carbonate, and evapor- 
ating the filtrate until pasty; on dissolving in alcohol and adding 
oxalic acid, the oxalate (0*7 gram) slowly separated. 

Attempts to prepare 1-methylsemicarbazide by indirect methods 
for comparison with the foregoing product were unsuccessful. 
Beiizylidene^micarbazone (which melts at 225°, instead of 214° 
as stated in the literature) could not be methylated by tu ethyl 
sulphate in boiling benzene or in cold alkali, and the action of 
benzoyl chloride in pyridine led to 5 -benzoylbenzylidenehydrazine, 
CfiR-;CH:N*NH-CO*Cp,H;,, melting at 208° (Found: 0 = 75-18; 
H-5-4o; N = 12*50. Calc.: C-75-00; H = 5-35; N = 12’50 per 
cent.). On the other hand, when acetonescmicarbazone is treated 
with benzoyl chloride in pyridine, the product is benzoylsemi- 
carbazide. melting at 222°, In this connexion, it should be men- 
tioned that the oxalate of 2-Tnetliylsemicarbazide, prepared for 
comparison with the foregoing salt, melts and effervesces at 155° 
(Found: N = 31*69. (C 2 HpN 3 ). 2 ,aHA requires N = 31*34 per 
cent.). It crystallises from hot water in transparent prisms, and 
is very sparingly soluble in alcohol. 

c:N‘N(ch3)‘CO-nh2 

CamphorquinonemcthyUemicarhazone 

Having regard to the abnormal behaviour of camphorquiiione- 
cyanohydrazone on methyl aiion, brought to light by the produc- 
tion of 1-methylsemicarbazide on hydrolysing the product, it was 
thought desirable to methylate the a-seraicarbazone.^ Adion in 
this case is normal, the methylated semicarbazone being identical 



760 


FORSTER AND SAVILLE : 


with the substance obtainable from oamphorquinone by condensa- 
tion with 2 -methylseniicarbazide. 

The a-semicarbazone (4-7 grains), dissolved in 10 per cent, 
sodium hydroxide (10 c.c.) and sufficient water to form a dear 
solution, was shaken with methyl sulphate (4 grams), when a 
colourless solid (4-6 grams) was precipitated. Being very soluble 
in alcohol, liberal dilution with water was nooessary before it 
crystallised in colourless, triangular plates, it melts and evolves 
gas at 176°, and rapidly becomes bright yellow on exposure to 
light. In view of the misleading results of analysis, which pointed 
at first to a dimethyl derivative, the same compound was prepared 
also from camphorquinone (6 grams) and 2 -methyl 8 emicarbazide 
( 3-3 grams) in alcohol, when it was found to contain water of 
crystallisation (Found: C = 58'17, 58-27] H = 818, 8-‘27; 

N = 17-07, requires C-58-54] H-813; 

N”17'07 per cent). A solution containing 0’2051 gram in chlort^ 
form diluted to 25 c.c. gave 3°30^ in a 1 dcm. tube, whenae 
[a]i, 42 6 ‘6°. On hydrolysis with aqueous sulphuric acid and 
removal of camphorquinone by ether, the remaining liquid gave 
benzylidenemethylsemicarbazone (m. p. 162°) with benzaldeliyde. 


Further Changes undergone by Diazocamphor. 

Concurrently with the foregoing, attempts have been made io 
bring diazooamphor into combination with various agents likely 
to attack the diazo-group. For instance, it seemed probable that 

the triketone, 0 ,|;_>C 8 Hh, or.- altornatirely, the 

,CC1-00C1 . , 

chloride of chlorocamphorcarboxylio acid, , might 

arise by the action of carbonyl chloride, since Stan dinger has found 
that diphenyldiazomethane is thus converted into diphenylchloro- 
acetyl chloride {Ber., 1916, 49, 1939); although nitrogen is dis- 
engaged slowly, however, the action leads only to Angelis 
camphenone, the ketone produced on heating diazocamphor. The 
constitution of this has been recently shown by Bredt and Holz 
(J. pr. Chem., 1917, [ii], 95, 133) to be that of a ^-pericyck- 
camphanone. Unsuccessful, also, were attempts to couple the 
diazo-group with, or to displace it by, nit rom ethane, ethyl 
malonate, picryl chloride, or phenyl acetonitrile. 

It has been already observed (T., 1910, 97, 2171) that aminonwra 
sulphide reduces diazocamphor to a mixture of the a- and ^-hydr- 
azonee of camphorquinone; other reducing agents, such as sodium 
“ hydrosulphite,” stannous chloride in ether, an aluminium-mercury 
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coupl^j alummiuin in sodium hydroxide, transform it into 
^ recent paper by Staudinger and Miescher 
(Uelv. Chim. Acta^ 1919, 2 , 554), who obtained nitrones of the 
treiicral forniulge R'CHINX^O and R2*C‘.NX!0 by the action of 
aromatic nitroso-derivatives on aliphatic diazo-compounds, we 
heated diazocamphor with nitrosobenzene, obtaining camphoryl-J- 
nheuylnitrone (wanitrosocamph or- J -phenyl ether), corresponding 
with the iV -methyl (T., 1904, 8&. 896) and the J-ethyl (T., 1908, 
93 251) ethers already prepared from sodium nsonitrosocamphor 
and the alkyl iodides. Attempts to produce analogous deriv- 
atives from nitrosodimethylaniliuB, iiitroso diphenyl amine, and 
iiitrosocarbazole f ailed . 


The lA -Phenyl Ether of hoNit roxocamphor, 




ClNPhiO 

I 

CO 


Diazocamphor (4' 5 grams) and nitrosobenzene (2‘6 grams) were 
heated together at 65° until gas evolution became brisk, when the 
tube was withdrawn ^nd cooled ; the diminished action was 
alternately stimulated and checked until it was safe to heat the 
mixture continuously, The deep green colour gradually faded to 
pale brown, and when gas no longer emerged, the product was set 
aside until crystals appeared. These were augmented by adding 
petroleum, from which the substance was recrystallised in lustrous, 
yellow needles melting at 78° (Found: C — 74 48; H = 7‘63, 
N = 5‘53. OjglljgO^N requires C = 74’71; H = 7-39; N-5-44 per 
cent.). A solution containing O’ 2037 gram in chloroform, diluted 
to 25 O.C., gave 0°45' in a 1-dcm. tube, whence 92’0°. 
Reduction with aluminium-mercury in ether gave phenylamino 
camphor. 


In conclusion, we desire to express our thanks to the Managers 
of the Royal Institution for their courtesy in placing a laboratory 
at our disposal. 


Salters’ Iustitdte of Industmal Chemistry 


St. SwiTHiu’s Lane, E C. 4. 


[Received. May ^2ih. 1920.] 
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LXXXII. — Organo-derivatives of Bismuth* Part /// 
The Preparation of Derivatives of Quinquevaknt 
Bismuth, 

By Frederick Challenger and Archibald Edwin Goddard. 

With the object of preparing salts of the unknown compoiindf 
Ph 3 BiO or Ph 3 Bi( 0 H).,, the action of aqueous potassium hydroxide 
and moist silver oxide on triphenylbismuthine di chloride has been 
investigated under various conditions. Tn all cases, tri phenyl- 
bismuthiue is regenerated. The same result is obtained if the 
dibromide is treated with alcoholic sodium hydroxide. Triphenyl- 
stibine dibromide when similarly treated yields triphenylstibine 
dihydroxide (Michaelis and Reese, Annaleri. 1886, 233 , 50). If 
the solution obtained from triphenylbismuthine dichloride and 
aqueous alkali is treated with acetic, tartaric, or a similar organic 
acid, mixtures are obtained which contain dichloride and bade 
chloride, and very little, if any, acetate or tartrate. Better result 
were obtained with the carbonate described, but not analysed, by 
Michaelis and Marqnardt [Ajinalen, 1889, 251 , 330). This com- 
pound with acetic acid gives triphenijlhuimithine acetnie. 
Ph 3 Bi(OAc) 2 - The corresponding camphorsulphonate and lactate 
appear to be formed, and are now under investigation. With 
hydriodic acid, the carbonate reacts at the ordinary temperature, 
with the formation of a red compound, which is probably the one 
already described by Challenger and Allpress (T., 1915, 107 . 21). 
Similar results were obtained by triturating the carbonate with 
water and iodine. This is further evidence of the instability of 
triphenylbismuthine di-iodide, which cannot be prepared from 
triphenylbismuthine and iodine. Triphenylbismuthine dichloridc 
dissolves in cold concentrated sulphuric acid, giving tnpheni/l 
hismutkine svlphaie, which does not melt at 284°. Very little 
bismuth sulphate is produced in this reaction if rise of temperature 
is avoided, but the amount increases if the solution in sulphunc 
acid is left for several hours before pouring into water. Solution 
in ammonia and treatment with hydrochloric acid converts the 
sulphate into the basic chlofidcj which, on warming with concen- 
trated hydrochloric acid, gives the dichloride. The basic chloride, 
Ph 3 Bi(OII)Cl (m. p, 160—161°), is formed in various reactions, 
for example, (rr) by the action of moist ammonia gas on triphenyl- 
bismuthine dichloride in chloroform solution (a method by which 
the basic bromide, m. p. 150 — 151°, has also been prepared), 
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jj) from sodium and the dichloride in ether containing a trace of 
iioisture; (c) hy the action of aqueous ammonia on the dichloride. 
Jp to the present, however, this compound has not been obtained 
i-om the dichloride by means of water or aqueous alcohol, accord- 
ncf to which method. Stilp'^ {Dis^,^ Kostock, 1910) prepared the 
)asic bromides of tri-7^tolyl- and trixylyl-bismuthines. 

IV hen warmed with concentrated hydrochloric acid, it gives the 
lichloride. The action of acetic acid on the basic chloride gives 
.jse to the dichloride and a (‘0]n[)ouud, which is probably the 
leetate. in which case the reaction may be represented thus: 

2(C6H5)3Bi(OH)Cl - + (C,H,)3Bi(OH)... 

((Vd0nBi(OH)o + 2CH3'COa-(CJl3)>i(O’CO-CH3). + 2H.3O. 

This is analogous to the action of acetic acid on the basic bromide 
3f diphenyltelluride, Pb.2Te(OH)Br. which gives rise to the 
libromide, and probably the diacetate (Lederer, Aniwlen, 1912, 
391. 335). 

With magnesium methyl iodide, the basic chloride does not give 
tri].iheuylmethylbismuthonium hydroxide, Ph3Bi(01I)CH3, but the 
flichloride and triphenylbismutliine. which points to the instability 
of the hydroxide. Triphenylmethylarsonium hydroxide, however, 
i? a crystalline compound melting at 125 — 126'^. prepared by the. 
action of moist silver oxide on the iodide (Michaelis, Animlen, 
1902, 321 , 166). 

The action of copper bronze on triphenylbismnthine dichloride 
leads to the production of diphenylchlorobismnthine, probably 
owing to the prolonged action of beat, and not to contact with the 
copper. No compound of the type Ph^BilBiPhj was isolated. 

In this connexion, it is worthy of note that triphenyl- and tri-/>- 
tolvl-bismuthines and arsines, and also tri-a-naphthylbismuthine 
and triphenylbismuthine dichloride, have the normal molecular 
weight in benzene solution. Complexes of the type K3M.MB3, 
which might possibly arise owinof to the imsaturated nature of 
these organo-metallic or metalloiclal compounds, do not appear to 
be formed. 

The abnorm.al behaviour of the halogen derivatives of the 
bismuthiiies towards the Grignard reagent has been referred to in 
previous papers. f It is further exemplified by the fact that trn 
phenylbismuthine is the principal product obtained when 

* The results described in this dissertation do not appear to have been 
published elsewhere. 

t Better results may possibly be obtained by modifying the conditions 
of reaction with the Grignard reagent, or by the use of organo-zinc or 
mercury derivatives. Experiments in this direction are in progress. 
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magnesium ;p-tolyl bromide reacts with triphenylbismuthiue 
dichloride and diphenyl bromobismuthine, and in the reaction 
between triphenylbismu thine dichloride and magnesium a-naphthy! 
bromide. Lederer (Ber., 1911, 44 , 2287) has shown that tripheuyl. 
telluronium chloride yields dipheiiyltelluride and diphenyl \vhen 
treated with magnesium phenyl bromide, whilst di-o-anisyltelluride 
dibromide is reduced to di-o-anisyltelluride on treatment with 
magnesium methyl iodide [(/icr., 1920, 53 , 713). Compare also the 
remarkable instability of the mixed mercury diaryls (Hilpert and 
Griittner, Ber., 1915, 48 , 406)]. 

Iodine trichloride reacts with triphenylbismu thine, producing 
the dichloride and iodobenzene. 

Tri-a-naphthylhismnthine dichlnride was prepared by the action 
of chlorine on’ the bismnthine; Stilp {loc. cit.) was unable to obtain 
this compound. Like triphenylbismuthine dichloride, it is inore 
stable than the corresponding dibromide. 

The action of moist silver oxide in acetone is similar to that 
observed with triphenylbismu thine dichloride, and gives rise to 
tri-a-naphthylbismuthine. 

Biphenyl -a-naphthylbismuthine has been previously described 
(T., 1914, 105, 2216). Since attempts to obtain other mixed 
bismuthines have failed, the reaction between diphenylbromo- 
bismuthine and magnesium a-naphthyl bromide has been further 
studied. Whilst the mixed hismu thine has again been obtained 
and diphenyl-a-naphthylbismnthine dibromide analysed, the main 
product of the reaction consists of triphenylbismuthine. 

Michaelis and Marquardt {Anncden, 1889, 251 , 320) observed 
that excess of aramoninm sulphide decomposed triphenylbismuthine 
dibromide according to the equations: 

(1) (CfiH,),BiBr., + (NH,)2S = (C,n,)3Bi + 2NH,Br + S 

(2) 2(CeH5)3Bi + SH.S = 

We have found that this reaction can be made the basis for the 
estimation of bismuth in substances of an analogous composition 
which, unlike the tertiary bismuthines, do not yield hismntli 
chloride with hydrochloric acid. 

Triphenylstibine dihaloids do not react thus with hydrogen 
sulphide in alcoholic ammonia, but yield triphenylstibine sulphide. 
The bismuthine is therefore less stable than the corresponding 
stibine. 

♦ In the absence of excess of hydrogen sulphide the bismuthine [only is 
obtained. 
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Experimental. 

ictwfi' of Moist Silver Oxide on Tnphenylhismuthine Dichlw'ide. 

(d) In the Cold . — Two grains of triphenylbismu thine dichloride, 
about 30 0 . 0 . of acetone, O' 93 gram of silver oxide, and 1 c.c. of 
^^ater were shaken on a machine for sixteen hours, when 1-1 grams 
triphenylhismuthine (m. p. 78*^) were obtained from the acetone 
solution. The residue consisted of silver oxide, silver chloride, and 
a trace of bismuthme. 

(h) At about 60°. — Five grams of triphenylbismuthine dichloride 
aud 2’3 grams of silver oxide were heated in moist acetone on a 
water-bath for one hour. After removing the silver chloride and 
unchanged silver oxide, 3' 2 grams of triphenylbismuthine were 
obtained. 


Idion of Alcoholic Poiasnum Hydroxide on Tri]}henylhis'muihir]e 
Bichloride. 

[a] In the Cold.— Three grams of triphenylbismuthine dichloride 
and O' 7 gram of potassium hydroxide in absolute alcohol were 
shaken for five and a-half hours. 

Two kinds of crystals separated on keeping, (u) stout needle.8, 
and (h) small, fine needles mixed with a heavy powder, which were 
extracted with absolute alcohol, leaving potassium chloride. The 
alcoholic extract yielded triphenylbismuthine (m. p. 78—80°). 
The crystals (a) were found to he triphenylbismuthine dichlonde. 

The main bulk of the mixture was evaporated, when more 
triphenylbismuthine was obtained. 

(h) At the Boiling Point.— Five grams of triphenylbismuthine 
dichloride in absolute alcohol were boiled for three hours with 
1-2 grams of potassium hydroxide, and the solution filtered. From 
the filtrate, three deposits, {a), (h), and (c), were obtained. The 
crystals (^i) melted at 138°, contained halogen, and most probably 
consisted of a mixture of triphenylbismuthine, triphenylbismut me 
dichloride, and the basic chloride (see p. 768). 

Deposit (&) was shaken with cold light petroleum, the 
deposited triphenylbismuthine, the insoluble portion yie iii-, 
unchanged dichloride (m. p. 120 — 121°). 

Deposit (c) was heated wnth water, the soluble portion yie ^ in 
tnphenylbismuthine (m. p. 78°); the insoluble residue consisted 
chiefly of potassium chloride. 
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Av,Uon of Aq^ieom F(}UmHV7n fiydroxidt (m Triphtnylhumufki,,,. 

Dichloride. 

Three grains of triphenylhismuthine dichloride, 0‘7 gram oi 
potassium hydroxide, and 30 c.c. of water were shaken in the cold 
for five and a-half hours, and the mixture was filtered. The 
residue was triphenylbismuthine dichloride. The filtrate ^vas 
evaporated to dryness and treated with absolute alcohol, which 
removed potassium chloride. The solution was evaporated, and 
the residue, after crystallisation from light petroleum, melted at 
77—78°, and did not depress the melting point of triphenvl- 
bismuthine. 


Attem,pts to holatt Triphenylbisrn.uthine Dihydroxide or 
Triph eny I h ismu t Ji hie 0 xid e . 

(1) Triphenylbismuthine dichloride was treated with aqueous 
potassium hydroxide in the cold as before, and the solution 
extracted three times with ether. The extract became cloudy on 
keeping, possibly owing to the absorption of atmospheric carbon 
dioxide. A solid finally separated which, on crystallisation from 
petroleum, melted at 74°. This was shown to be impure triphenyl- 
bismu thine. The aqueous portion also became cloudy and 
deposited triphenylbismuthine, which melted at 78—79° after 
crystallisation from alcohol. No compound corresponding with i 
dihydroxidc or oxide was isolated. 

(2) Triphenylbismuthine dibromide was dissolved in alcoholic: 
sodium hydroxide, and the precipitate of sodium bromide fdtered 
off. No further deposit was noticed after the solution had 
remained for a week. Part of the alcohol was therefore- 
evaporated, when long needles of triphenylbismuthine were 
deposited. 

Preparation of Michaelidsi so-called Basic Carhonate. 

Triphenylbismuthine dibromide (m. p. 122 — 124°) was suspended 
in alcohol and treated with excess of solid sodium hydroxide. 
Carbon dioxide was passed through the solution, the voluminous, 
white precipitate collected, and the operation repeated until 
no further deposit was formed. The solid was washed with 
much cold water, and appeared to be free from halogen. In order 
to free it from adhering alkali carbonate, it was boiled with water, 
but even after continued boiling it gave the ffame reaction for 
sodium. This trace of impurity probably accounts for the low 
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percentages of carbon obtained in the analyses. It did nob melt 
at 220^ (Found: C-44'40, 44 16; H = 3'01, 3*07; Bi = 41-87, 41-45. 
requires C = 45’68; 1I = 3'03; Bi = 41‘67 per cent.). 

It is evident from these results that the compound which 
yichaelis described as a basic carbonate, PhgBiO ~ CO.,, is in reality 
the normal carbonate, PhgBiCOg. 

Triphenylbismuthine carbonate is insoluble iu ordinary organic 
solvents; different preparations varied in colour from pure white 
to pale yellow. With concentrated hydrochloric acid, effervescence 
took place, and triphenylbismuthine diehloride (m. p. 126®) was 
obtained. 

Iction of Glacial Acetic Acid on TniiheniiJldmrithine Carhonatc. 

Three grains of triphenylbismuthine carbonate were dissolved in 
1 small quantity of glacial acetic acid by the aid of heat. Carbon 
lio.Kide was evolved, and, on cooling and adding a small quantity 
if water a white precipitate was obtained, which was collected and 
washed with li^ht petroleum, air being drawn through until the 
solid no longer had the odour of acetic acid. The substance melted 
sharply at 162®, and on crystallisation from water and acetic acid 
had the same melting point. The yield was 3'3 grams (Found : 
0^47-06, 47-58; H = 3-8G, 3-72; Bi-37-31, 37-13. Co.:>H.i04Bi 
requires C = 47-39; 11 = 3-79; Bi = 37'32 per cent.). 

TrijAei^ylUsmuthine acetate is a white powder completely soluble 
in glacial acetic acid or ethyl acetate on warming. It is readily 
soluble in cold chloroform or nitrobenzene and in xylene on warm- 
ing, moderately so in warm benzene, acetone, carbon tetrachloride, 
or alcohol, and insoluble in water or light petroleum. 

If the acetic acid solution of the acetate is allowed to remain for 
several days without addition of water, long, transparent needles 
separate, which soften at 130® and melt at 136 — 137® (Found. 
Bi=35-16, 35-36. a. 2 H 2 i 04 Bi.lCJl 40 . requires Bi = 35-43 per 
cent.). 

If this substance is triturated with -water, the acetate (m. p. 
162®) is obtained, ■'.vhich, if dissolved in acetic acid and allow'ed to 
crystallise, again yields the acid acetate. 

Action of Hydriodk Acul and Iodine on TriphenylhhmMthine 
Carbonate. 

Hj^driodic acid, containing as usual a little free iodine, 
added to the carbonate; a red compound was immediately formed 
and an odour of iodobenzene noticed. The red product appeared 
to be a mixture. 
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The same result was obtained when the carbonate was triturat^f] 
with ail aqueous solution of iodine. 

Action of Sulphuric Add on Triphenylhismuthinc Bichloride. 

Tripheuylbismuthine dichloride (6 grams) was added durinc 
fifteen minutes, with constant shaking, to 20 o.c. of sulphuric acu 
maintained at about 10° Hydrogen chloride was evolved, and 
clear solution obtained, through which air was drawn for three 
hours to remove dissolved hydrogen chloride, after which the 
mixture was poured on ice. The precipitated solid (5' 3 grams) 
was well washed with water, dried, extracted twice with boiling 
chloroform, and washed with ether. The acid wash waUrj 
contained inorganic bismuth, from which, however, the solid ^vas 
free (Found: Bi = 38-60; S = 6-10. Ci 8 Hi 504 SBi requires 
Bi = 38*80; S:=5*98 per cent.). 

Tripheniflhismuthine sulphate is a white solid not melting below 
280°, and is very sparingly soluble in the usual organic solvents, 

Action of Moist Ammonia Gas on Triphenylhismuthine Dichloruk. 

Nine grams of triphenylhismuthine dichloride were dissolved in 
chloroform containing a little light petroleum. Moist ammonia 
gas was passed in, the solution became cloudy, and soon 
deposited a white solid. This was collected, and the operation 
repeated until no more solid separated, The deposit was washed 
with cold water until all ammonium chloride was removed. Wash- 
ing was then continued with boiling water. This produced violent 
frothing of the solid, and chloroform was evolved, the latter prob- 
ably being present as chloroform of crystallisation. When no 
further effervescence was noticed, the residue was dried on porous 
porcelain, and then in the air. It melted at 156—158°, and, after 
crystallisation at 160—161°, the latter figure being unaltered after 
repeated recrystallisation. Two separate preparations were 

analysed (Found: CU7-25, 7-20; Bi-42-34, 42-54. 
requires Cl = 7*21; Bi = 42‘31 per cent.). j • i W 

Triphenylbismuthine hydroxy chloride is a white powder insoln e 
in water or light petroleum, moderately soluble in ether, acetone, 
benzene, or xylene, completely so in alcohol or nitrobenzene on 
heating, and readily so in cold chloroform. 

The derivative containing chloroform was not analysed, since ■ ^ 
combined solvent was liberated on keeping in air or drying w 


vacuum. 
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ictm of Sodium on Triphenylbumuthine Dichloride in Ether. 

^'ive grams of tripiieiiylbisinutHno dicWoride and 1 gram of 
sodium were suspended in ether and heated on a water-bath for 
Blue hours, and the product was filtered. The filtrate, on keep- 
ing, deposited crystals melting at 160—162'^, which did not depress 
the melting point of triphenylbismuthine hydroxyohloride. The 
sodium in the residue was destroyed by alcohol, and the remaining 
solid extracted with acetone, when sodium chloride was left, and 
the solution gave a further quantity of hydroxychloride. ' The 
production of this compound was probably due to a trace of 
moisture in the ether. 


Action of Water on TriphcnyJlmmuthuie Dichlonde. 

Two grams of triphenylbismuthine dichloride were dissolved in 
alcohol, the solution was poured into a large excess of water, and 
evaporated slowly to dryness. The residue was evaporated with 
water several times, and the melting point of the product was 
unchanged. No hydroxychloride, hydroxide, or oxide had thus 
been formed. 


Action of Glacml Acid on Tripheyv/lhimuthine 

TlydroxycMoride. 

Two grams of triphenylbismuthine hydroxychloride were dis- 
solved in glacial acetic acid by the aid of heat. On cooling, a 
solid was deposited, which melted sharply at This was 

boiled with acetone and filtered. On cooling the filtrate, crystals 
appeared (m. p, 152 — 153°), containing bismuth and organic 
matter, but^ no halogen. Kecrystallisation from chloroform and 
then alcohol gave products melting at 146 — 148° and 152 — 153°, 
probably impure triphenylbismuthine acetate (m. p. 162°). 

The acetone mother liquors depo?ited well-defined crystals melt- 
ing at 128 — 130° after recry stallisati on from alcohol. Further 
crystallisation gave long needles (m. p. 126°). which did not depress 
the melting point of triphenylbismuthine dichloride. 

The residue left from the acetone extraction of the product, 
molting at 142°, fused at 136—138°, and was shaken with cold 
chloroform, in which it was completely soluble. This solution was 
carefully investigated, but only unchanged basic chloride (m. p. 
16() — 161°) and a small amount of a viscid residue could be isolated. 
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Action of Maffiiemm Methyl Iodide on Triphcnylhimuihinf 
II ydroxy c h I oride . 

Triphenylbismuthiiie hydroxy chloride (1‘2 grams) was added to 
a solution of 0-05 gram of magnesium and O' 3 gram of methyl 
iodide in dry ether; an orange coloration appeared, which per- 
sisted for some time. Next day the mixture was heated on a 
water-bath for five hours and filtered. The residue contained 
practically no organic matter. The main ethereal solution was 
evaporated, when two distinct types of crystals separated, together 
with a trace of oil. The crystals were washed with warm alcohol; 
the residue contained halogen, melted at 125—126°, and did not 
depress the melting point of triphenylbismuthine dichloride. The 
alcoholic solution yielded triphenylbismuthine. Since no trace of 
the iodine was discovered, it was probably contained in the oil. 
which was too small in quantity for further investigation. 

Action of Mokt Ammonin Ga^'^ on Triphenylhismuthine Dihromkh. 

The preparation was carried out as in the case of the basic 
chloride, the crude product apparently containing chloroform of 
crystallisation, as before. After washing with hot water, it 
melted at 150—151°, and, after four recrystallisations, had a 
constant melting point of 147—148° (Found: Br-15’44, loTi; 
Bi--38-43, 39-13. C^^TTjc^OBrBi requires Br = 14'91; Bi = 38d9 
per cent.). 

The two preparations were made at an interval of several 
months, and the somewhat high halogen content seems to point 
to the presence of a trace of unchanged dibromide. 

Triphenidhiminthine hydroxyhronwh is a yellow powder, in- 
soluble in water, light petroleum, or ether, ^ sparingly soluble in 
boiling acetone or benzene, moderately so in boiling toluene or 
xylene, and readily so in boiling alcohol or nitrobenzene and in 
cold chloroform. 


Action of Copper Bronze mi Triphenylbismtithine Ihehhmfe. 

Five grams of triphenylbismuthine dichloriiie and 0-6 gram ol 
copper bronze were heated for eleven hours with dry acetone on 
a water-bath, and the solid was separated. On treatment o « 
concentrated acetone solution with light petroleum, "P ® ■, 
bismnthine, a small amount of copper chloride, and ip ' ) 
chlorobisrnuthine (2-4 grains: m. p. 184-1860) were oMan^- 
whilst the final residues had a stronE odour of chlorobeni 
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Xhe last two substances were probably formed from the dichloride 
Ijy the prolonged heating, and not ’owing to the action of the 
copper. 

MoJeciiJ^rr We^ght^ of some Tikmuth and Amamc Derivatives. 

These determinations were carried out by the eryoi>copie method 
ill benzene solution. 

Tnidienylhkmutliirie . gave A=-()-l.o3^. AI.W. 427. 
fQ.H.i) 5 Bi requires 439. 

-0'2370 gave A'-0“179°. At.W, 298'9. 

('C^.H..) 3 As requires 306'1. 

Tri-^-tolifthumiithine. — 0*2304 gave A--()-115^-. AlW. 458-3. 
( 0 - 117)331 requires 481. 

Tri-^'tolyhimne. — 0-3605 gave A- - 0-24P. M.W. 342-8. 

(C^HjisAs requires 348. 

Triphenylhismxithine Dichloride. — 0’8847 gave A= -0-470°. 
M.W. 498'5. (C(>,H-),^BiCU requires 509-5, 

Tri-a-naphihylhkmnthiTne—^'l'b’^’^ gave A ^ -0-122°. M.W. 577. 
(Ci(,H 7 )j[Bi requires 589. 

x\ll the above show normal values. 

Action of Mafjnedvm p-Tolyl Bromide on Triphenylhimidhine 
Diehl arid e. 

Tho Grignard solution (I'l mols.) was added to triphenyl- 
bisinutliine dicbloride suspended in ether, and the usual transient 
violet coloration observed. The whole was heated on a water-bath 
for three to four hours, when a granular precipitate settled out. 
After twelve hours, the ether was evaporated and the residue dis- 
tilled in a current of steam. The product remaining in the dis- 
tillation flask solidified (m. p. 72 — 73°). and was recrystalliscd four 
times from alcohol, giving crops melting at 76°. 78°, 78°, the last 
fraction being melted with Iriphenylbismuthine. The mother 
liquors were fractionally crystallised, hut no product other than 
triphenylbismuthine could be isolated. 


Action of Magiiesium \>Tohd Bromide on Diphenylhromo- 
hkmtdhine. 

The reaction was carried out as above, and the mixture distilled 
in a current of steam; the residue melted at 70°, and was recrystal- 
lised three times from acetone, but in each case tlte crystals melted 
at 78° and gave the reactions of triphenylbismuthine. The mother 
liquors yielded a further quantity of triphenylbismuthine. 
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Acdon of Iodine, Trichloride on Triphenr/lbi^mut/iine. 

Five grams of the bismuthine were dissolved in dry ether and 
2*7 grams of iodine trichloride in the same solvent gradually added 
A momentary red coloration appeared on mixing, and a pal^ 
brown oil separated out and soon solidified. The ethereal Rohtion 
was evaporated, yielding an oil, which with chlorine in chloroforiQ 
solution gave 0*4 gram of iodobenzene dichloride. The solid, aft^r 
crystallisation from acetone and light petroleum, melted at 
and did not depress the melting point of triphenylbismuthine 
dichloride. 


Tri^a-naphthylbismufhin e D kliloride . 

Five grams of the bismuthine were dissolved in dry chloroform 
and treated with chlorine. The addition of light petroleum ^are 
a yellow precipitate (4*6 grams: m. p. 158—159^), and the mother 
liquors yielded a further 0 7 gram. Hecrystallisation twice from 
chloroform-petroleum solution gave a product melting sharply on 
both occasions at 166° (Found: Cl = 10-68, 10‘66; Bi = 30'6(, 
30-84. G^nHoiCUBi requires Cl-10-74; Bi = 31'51 per cent.). 

Tn-a-naphthylhismuthine dichloride is a yellow, crystalline 
powder readily soluble in chloroform, moderately so in acetone or 
benzene, and insoluble in light petroleum. On heating for several 
hours at 100°, it did not smell of chloronaphthalene, was stable to 
hydrochloric acid, and melted at 167—169°. 

Action of Moist Silver Oxide on Tri-a-naphthylhimvlhive 
Bichloride, 

The dichloride (2 grams) and silver oxide (O' 7 gram) were 
suspended in moist acetone and well shaken, Keaction occurred 
almost at once, and, after two days, the mixture was filtered and 
the residue extracted with chloroform, which yielded two deposits 
of trba-naphthylbismuthine, O' 5 gram (m. p. 230°) and 0-2 gram 
(m. p. 232° on one crystallisation). Spontaneous evaporation of 
the acetone solution yielded a small amount of a brown solid, which 
became very viscid on wanning with alcohol, had a strong odoiu 
of naphthalene, and was not further examined. 


Biplirn y I- a-iuiph f h y I h is mn thine D ibrom ule . 

Diphenyl-a-naphthylbismu thine (0*8 gram) was treated in dry 
chloroform-ether solution with a slight excess of bromine in chloro- 
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form. addition of light petroleum, 0-81 gram of dihromide 
^•as precipitated (Found: Br-24-83; Bi_31'87. C 2 oHi 7 Br„Bi 
requires Br=24'59; Bi = 31’99 per cent.). 

of the Meted in Denvatives of Quinquevedent 
Bismuth. 

The substance (0*2 — O' 3 gram) was treated with about 10 c.c. 

[ an ammoniacal solution of hydrogen sulphide, and the mixture 
vaporated to dryness in an air-bath at 115 -125*^, the benzene 
jrmed during the decomposition driven off, and the residue of 
ismuth sulphide and sulphur boiled for a few minutes with 10 c.c. 

,f concentrated hydrochloric acid. The solution was filtered, 
iluted with water, hydrogen sulphide passed, and the precipitated 
>ismuth sulphide filtered on a Gooch crucible, washed with carbon 
lisulphide, dried, and weighed. 

The method was first tested on two well-known compounds, 
lamely, triphenylbismuthine dicbloride (Found: Bi=40'44. 
^igHijClgBi requires Bi = 40'78 per cent.) and dibromide (Found: 
Bi=34'92. CjgHj^BrgBi requires Bi-34'73 per cent.). 

Our thanks are due to the Research Fund of the Chemical Society 
for a grant which has defrayed the expenses of this investigation. 

The IJnivebsity, 

EoGBAsroisr, Biumingham. [Received, June 3rd, 1920.] 


LXXXIII . — Note on the Preparatio't^ of certain lodo 
compounds. 

By CuTHBKRT William James, James Kenner, and 
Wilfrid Victor Stubeings. 

The authors, having occasion to attempt the preparation of certain 
2: 6-derivatives of iodobenzene from the corresponding amino- 
compounds, were confronted with the well-known difficuUy that a 
number of the latter are only very incompletely diazotised under 
the conditions usually employed. The yield, however, of io o- 
compound obtained was usually very satisfactory when allowance 
was made for the proportion of amino- derivative unchanged, 
therefore only remained to achieve complete diazotibation, J 
was decided to apply the process specially recommended by Witt^ 
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in such cases (Ber., 1909, 42 , 2953), and consisting in the iddilica 
of a mixture of the base with a molecular proportion of potasnm, 
metabisulphite to fuming nitric acid. By pouring the product ou 
ice as described by Witt, and adding a solution of iodine i„ 
potassium iodide, extremely satisfactory yields of great purity were 
achieved in the oases of 2 -iod«mphthalic acid, 2-iodo-3-nitrobeiizo,c 

acid and 5-chloro-4-iodo-3-nitrotoluene. 5-Iodoirophthalic acd i, 
more satisfactorily prepared by the ordinary process, which involve, 
no difficulty as regards diarotisation. Attempts to prepare 
picryl iodide were unsuccessful, probably owing to instability oi 
[he diazoiiium compound, and the method is also obviously 
unsuitable for compounds like benzidine, which are easily nitrated 
When the diazotised solution, prepared by Witt’s process from 
3 -nitroanthranilic acid, was added to a large excess of ciiproue 
chloride solution, the product contained, besides the desired chloro- 
nitrobeiizoic acid, a considerable amount of hydroxy-componnd. 
Apparently therefore, the method is unsuitable for the preparation 
of chlormderivatives. For many purposes, however, lodmcom- 
pounds are at least equally suitable, and it was considered thal 
the successful outcome of the experiments now described mighl 
more usefully be separately recorded than as an incident in thi 
syntheses for which the compounds in question were required. 


Experimental. 

2 -lodo\%ophthaUc A cid . 

The starting point for the preparation of this compound was 
2-nitr(Mn,-toluic acid. The oxidation of this compound to 2-mtro- 
i^ophthalic acid, referred to by Noelting and Gachot {Ber. 1906. 
39 73) by neutral potassium permanganate solution is only com 
plete after the mixture has been boiled for some hours, boeltmg 
Ind Gachot also describe the preparation of 2 -amina 4 -ophthalic 
acid from the nitrq,-acid by means of tin and hydrochloric acid; it 
is more conveniently carried out by the addition of stamioi*- 
chloride to a suspension of the iiitro-derivative in a boiling mutiir 
of acetic and hydrochloric acids. The free amino-acu. sepaiae. 

on cooling the solution. ^ t ■ ■u+Uoi;/' 

The conversion of 2-aminoi.^ophthalic acid into 2-iodom^phtb 

acid was carried out by Mayer {Ber,, 1911, 44 , ^ 

admits, the product was very impure. On repeating the l 
which oonsisled in the very slow addition of a ^o^io f 
sodium salt of the acid and of sodium nitnte to dilute si ph 
acid, a purer product was obtained, but only ^ 

of the material was diazotised after thirty hours. Witts p 
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was therefore adopted, a finely ground mixture of aminoj'sophthalic 
aciti (20 grams) and potassium metabi sulphite (12‘5 grams) being 
gradually added to fuming nitric acid (45 c.c.) below 10°. After 
four hours, the mixture was poured on ice (220 grams), and to 
the resulting clear solution was added a solution of iodine 
(17 grams) in potassium iodide (33 grams) in the minimum 
quantity of water. The product (29 grams) melted at 229°. By 
crystallisation from water, the melting point rose to 236—238°, 
but a determination of the equivalent showed the acjd still to 
contain 5 per cent, of hydroxywophthalic acid. Mayer gives a 
melting point of 205—222°, even after purification of the acid 
tkough its methyl ester. The probable explanation of the dis- 
crepancy became obvious when a small portion of the acid was 
mbmitted to hydrolysis by boiling alcoholic sodium liydroxide. As 
1 result, pure hydroxy is ophthalic acid, C 6 H 3 ( 0 H)(C 02 H) 2 ,Ho 0 
(m. p. 244°; equivalent, 99-3), was obtained, and further 
characterised by its red coloration with ferric chloride. 

3-A ? tToan t lira nilic ..4 cid . 

3-Nitroaceto-o-toluidide was easily obtained by the addition of 
sulphuric acid (2 grams) to a mixture of 3-nitrO'0*toluidine 
(20 grams) and acetic anhydride (26 grains). A clear solution 
resulted, accompanied by a rise in temperature to 70°, and almost 
immediately after the whole set to a mass of crystals, which w^ere’ 
collected after the addition of water. The product (25-5 grams) 
melted at 156°, which was raised to 157 158° by recrystallisation 

from dilute acetic acid. 

3-Nitroacetylanthranilic acid was prepared by oxidising 3-nitro- 
aceto-f>toluidide (10 grams) at 100° with a solution of potassium 
permanganate (22 grams) and magnesium sulphate (16 grams) in 
water (1100 grams), For some unexplained reason, the melting 
point of the product (9 grains) varied considerably. By fractional 
crystallisation from dilute acetic acid, the product of several pre- 
parations was separated into two distinct substaiu'es, one in the 
form of stout, golden-yellow prisms (m. p. 244’5°), the other in 
yellow needles (m. p. 178°), which it is hoped to discuss in a 
s^ubsequent communication. 

By boiling 3-nitroacetylanthranilic acid, either the crude oxida- 
tion product or the separate compounds above described, for 
thirty-five minutes with 50 per cent, sulphuric acid (4 parts), 
almost pure 3-nitroanthranilic acid (m. p. 205°) is obtained in a 
yield of more than 90 per cent, The yield is diminished if the 
strength of acid or the duration of boiling is increased. The acid 
has been previously described by Hiibner {^Annaltn, 1879, 195, 
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37), who obtained it in the form of its ester by tie action oi 
ammonia on ethyl 3-nitrosalicylate. , 

It is noteworthy that the esterification of the acid is only aceom. 
pushed with difficulty under ordinary conditions. Thus after the 
Lid (10 grams) had been boiled with alcohol (50 c.c.) and sulyhimc 
acid (5 c.c.) for twenty-four hours, 5 grains remained unchanged, 
and 5-8 grams of ester had been produced. 

2-Iodo-3-mtrohenzoic Acid, 

(a) When a suspension of S-nitroanthranilio acid (10 grams) in 
sulphuric acid (11 grams) and water (53 grams) was diamtised i. 
the usual manner, 5-5 grams of acid remained undissohed wliita 
from the solution 7 grams of crude iodonitrobenzoic acid am 
obtained. A similar, but less satisfactory, result was ootained 
when the ester was used in place of the free acid. 

(h) 202-5 Grains of nitrobenzoic acid, when aubmitL^d to the 
treatoenb already described in the case of « -ij. 

gave 321 grams of iodonitrobenzoic acid (m. p. 203-206 ), a peld 
of 98 per cent, of the theoretical. , , • i • 

By crystallisation from water, the acid is obtained in pn» 
melting at 206° (Found: N = 4-82. C^HANI requires N=4 4 

per cent.). ^.chloTO-i4odo-?,-nitratoluene. 

U) In an experiment by Mr. C. W. Judd, from 15 grams oi 
S-iloro-S-nitro-p-toluidine, which had l*en treated with n.trois 
amd Ld potassium iodide in the usual manner, 9 grams wen 
Levered ^changed, whilst 6 5 grams of chloroiodomtrototoi 
rv 88'^! were generated from the remainder. 

‘ (irii,™ •< "■ 

«:ld, g». 31 E~ ol , 

Ichloroi-iodo^^-nitrotoluene. separates from light Pf*®'®'' 
nlfti meWng at 92°, which are colourless when pure but us. til 
SV-d: N = 4-85. C,H,0,NC1I requires N = 4-71 per eeut.). 

The authors wish to express their “knowledgmen^to ^ , 
Research Fund Committee of the Chemical Socie y „ . 

The British Dyestuffs Corporation for supplies o • ■.! 

to Messrs. Whiffen and S^s for ttal 

LrCorpIltion for tiii opportunity of collaborating in this work. 

The Uniyeusitv, lEecrired, JK"* 3''*- ’ 

SHErBrorr. 
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■—J^^P^enylarsenious Chloride and Cyanide. 
{Diphenylchloroarsine and Diphenylcyanoarsine.) 

By Gilbert T. Morgan and Dudley Cloete Vining. 

The employment of diphenyl arsenious chloride as a military poison 
has led Id recent years to many experiments on the preparation 
of this compound and its intermediates. 

In one of these processes, triphenylarsine is the starting point, 
and this intermediate is produced by Michael is’s modification of 
the I*ittig reaction, in which arsenious chloride, chlorobenzene, 
and sodium interact in an inert 
medium (La Coste and Michaelis, 

Ber,, 1878, 11 , 1881; Annalen, 

1880, 201 , 215; 1881, 207 , 195; 

1902, 321 , 160; Philips, Ber.^ 1886, 

19, 1031). As practised by these 
investigators, the process is unsuit- 
able for large-scale operations. The 
introduction of the whole of the 
sodiiun at the commencement of the 
process renders the operation hard 
W regulate, and unless great care is 
taken, the condition of the metal aa 
regards superficial oxidation is likely 
to vary considerably from one batch 
to another, so that the onset and 
course of the reaction are not easily 
controlled. Moreover, the sludgy 
form in which the sodium chloride 
is left at the end of the condensation 
v?hen carried out under the earlier 
laboratory conditions leads to 
further difficulties in the separation 
of triphenylarsine. The sodium 
present in large excess at the com- 
mencement of the operation certainly sets up side reactions, lead- 
ing to the formation of diphenyl and ill- defined arsenical products. 
In the small-scale plant illustrated in Fig. 1, these difficulties were 
obviated, and the whole operation could be completed without the 
addition of water, another factor which makes for safety. 

The cylindrical, steel reaction vessel (3 litres capacity), fitted 

VOT, CXVTT, S' 


Fio. 1. 
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with a steel cover rendered gas-tight with an asbestos washer, was 
supported by four upright steel rods fixed in a trough with a 
waste-pipe leading to the sink. Round the outside of the reaction 
vessely and near the top, a perforated water-pipe was carried con- 
centricaliy, and attached to the steel supports. By this means a 
stream of cold water could be distributed over the outer surface 
of the reaction vessel, which could also be heated by a rose burner 

The cover of the reaction vessel, A, which was perforated to 
admit a thermometer, carried the following fittings : 

(1) A central steel comb stirrer provided with a pulley for 
mechanical stirring. 

(2) A water-cooled steel reflux condenser. 

(3) A baffle plate projecting into the vessel to assist in the 
mixing of the contents and to prevent the rotating liquid from 
splashing up in the condenser. 

(4) A sodium dropping apparatus, C, consisting of a cylindrical 
steel container (1 litre capacity) with a curved bottom perforated 
at its lowest point with an outlet hole (0-6 cm. in diameter). A 
steel tap and a sight-feed with transparent silica windows attached 
to the base, of the container enabled the operator to regulate the 
flow of molten sodium. 

A ring burner placed under the base of the sodium container 
just above the outlet tap was used to keep the metal in a molten 
condition. The steel cover of the container, made air-tight with an 
asbestos washer, carried a thermometer and a hand stirrer, shaped 
to scour the bottom of the container and provided with a sharp 
prong to dislodge any obstacle in the outlet tap. 

(5) A cylindrical glass reservoir, B, for liquid (capacity, 800 c.c.) 
with steel ends, fitted with vertical outlet tube to reaction vessel 
a needle valve regulated by a spindle, and a sight- feed with glass 
window. The steel cover of this reservoir was fitted with a screw- 
stoppered inlet and with a valve for introducing compressed air, so 
that the contained liquid was expelled under slight pressure. 

Procedure . — Arsenious chloride (276 grams), chlorobenzene (510 
grams), and xylene (400 c.c.) were mixed; half the liquid was 
placed in the reservoir and half in the reaction vessel, where it 
was diluted with 800 c.c. of xylene. Sodium (210 grams) was 
introduced into the sodium container and covered with xylene. 
The reaction vessel was heated to 70° and the sodium contaiuer to 
110°. Stirring was commenced (speed of rotation, 250—300 revs, 
per minute), the sight-feed of the sodium apparatus warmed witlj 
a Bunsen burner, and molten sodium dropped into the reaction 
vessel, the rate being regulated by the lower thermometer, tie 
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Igmperitur© of 'which, was nofc allowed to rise above 70°. External 
^ling was applied wlien necessary. 

After fifteen minutes, the solution from the liquid reservoir was 
allowed to flow in concurrently with the molten sodium. When 
all the reagents had been introduced, stirring was continued until 
tlie temperature began to fall without external cooling by water. 
The reaction vessel was then heated to 90° and allowed to cool. 

60° the mixture was filtered through a Bor nett press, the 
granular precipita'te of sodium chloride was washed with warm 
xylene, and afterwards exposed to the atmosphere until any traces 
of unaltered sodium had been oxidised. The filtrate was distilled 
up to 220° to remove solvent and chlorobenzene. The liquid resi- 
due, on cooling, changed to a pale yellow, crystalline mass of tri- 
henylarsine (m. p. 58 — 59°). Yield, 383 grams=82 per cent. 

The outstanding advantages of this process are as follows : 

(1) As sodium is never in excess during the reaction, the process 
j readily controlled. 

(2) Water is excluded from all stages of the preparation, thus 
llminating danger from the explosive interaction of sodium and 
Ms liquid. 

(3) The salt residue is granular and easily filtered. 

(4) The product is obtained directly in a state of purity without 
urther treatment. 

(5) Other coal-tar hydrocarbons, such as benzene or toluene,’ 
jan be substituted for xylene as the working fluid in this plant 
without any material change in the procedure. 

(6) The foregoing apparatus can be employed with advantage 
hr other applications of the Fittig reaction, the gradual addition 
>f clean, unoxidised sodium being a useful improvement on the 
fider processes. 

Very favourable results were obtained in the preparation of 
riphenylstibine. Freshly distilled antimony trichloride (344 
^rams), chlorobenzene (510 grams), and xylene (400 o.c.) were 
mixed, and the solution was di'vided equally between reservoir and 
reaction vessel. In the latter case, 600 c.o. of xylene were added 
aa diluent. Sodium (210 grams) covered with 500 c.o. of xylene 
was placed in the sodium container, and the process effected at 
70° in the manner already described. After filtering off in the 
Bornett press the dark grey, granular sodium chloride, the filtrate, 
on distilling up to 220°, left a residue of triphenylstibine (ra. p. 

48-^50°). 
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The Rotating A ntoclave. 

I. Cmversion of THphenylarme into Diphenylarsenioua Chloride. 

This conversion was carried out in the rotating autoclave, a 
vessel formed by boring out the steel core of a 6-inch high-explosive 
shell until the tHckness of the wall was about r9 cm. The steel 
cover, which was of similar thickness, was fastened down with 
twelve bolts and rendered gas-tight with a lead washer. The 
cover carried a powerful adjustable spring safety valve, a steel 
thermometer tube projecting into the cavity of the autoclave, aid 
a hollow steel tube carrying an all-steel pressure gauge, which 
communicated with the interior of the vessel by means of a narrow, 
bored steel tube dipping into and protected by a concentric steel 
case partly filled with heavy oil, and having a small aperture at 
its upper end for admitting the 
compressed gases from the auto- 
clave. The pressure-gauge tub 
yj&Se fixed in the centre of the 
cover and fitted with a pulley, so 
that it also served as the axle of 
rotation for the autoclave, which 
was supported and spun in an 
inclined position. Rotating auto- 
claves have been made on these 
lines by Mr. H. Edenborough, of 
the Technical College, Einshury, 
with capacities ranging from 
500 c.o. to 9 litres. 


Fra. 2. 



The vessel used in the into he ca^bi 

capacity of 1 litre. A glass lining blown to fib nto h jvit) 

the autoclave was employed in lieu of an ename 

i’roceifure.— Triphenylarsine (25 250— ‘'SO”, the 

of arsenious chloride at iou wou , 


hours Tvith 75 grams 


pressure attai'nb'leing orX 

Lts of bho autoclave fracUo..| 

dioxide under a pressure of 20-dU mm., ^ 

68 grams, consisting of phenylarsemo-u i 
diohloride with 32 per cent, of diphenylarsenious gj 

(6) 190—220'^: 180 grams of diphenylarsenious 

^c) 220—250° : 7 grams of triphenylarsme with 30 per 
diphenylarsenious chloride. 
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Residue in still when extracted with chloroform yielded 
)7 grams of unchanged triphenylarsine. 

Fraction (5) was cooled and drained, when it yielded 155 grams 
)f colourless, crystalline diphenyl arson ious chloride (m. p. 39 — 40°). 
jte total yield of diphenylarsenious chloride was 66 per cent., of 
which 53 per cent, was isolated in a state of purity. 

Fractions (a) and (c) and the triphenylarsine extracted from 
(d) were heated to 150° to remove volatile impurities, and returned 
to the autoclave for a subsequent operation, when 60 per cent, of 
diis material was converted into crystalline diphenylarsenious 
chloride. 

The residues from the second operation were available for 
further treatment, and the total yield of diphenylarsenious chloride 
was correspondingly increased. It was also found that 25 per 
cent, of this product could be frozen out from the contents of the 
autoclave without distillation. 

By the foregoing dry processes, chloroheuzeno and arsenious 
chloride can be converted into crystalline diphenylarsenious chlori<le 
without the intervention of water or the use of any aqueous 
reagent, the overall yield of this product being upwards of 60 per 
cent. 

II, Diphenylarsenioui Chloride from Phenylarsenious Dichlonde, 

The foregoing operations showed that the rotating autoclave can 
also be used with advantage in producing diphenylarsenious 
diloride from triphenylarsine obtained by the dry process, and 
phenylarsenious di chloride prepared by Bart’s di azo-process 
(D.R.-P. 250264; Chem. Fabrik. von Heyden, D,R.-P. 264924). 

These two reagents when heated for three hours at 250 280° 
gave a 60 per cent, yield of diphenylarsenious chloride, separated 
hv the ah ove^d escribed fractional distillation. 


III. Diphenylstibine Chlonde. 

Triphenylstibine, when heated with redistilled antimony tri- 
jhloride for three hours at 250 — 280° in this autoclave, was con- 
certed into a mixture of diphenylstibine chloride (m. p. 68 70 ) 
ind phenylstibine dichloride (Morgan and Micklethwait, T., 1911, 
39, 2295). 

IV. Diphenylarsenious Cyanide. 

(1) From Diphenylarsenious Oxide. — Diphenylarsenious oxide 
immersed in pure anhydrous hydrc^en cyanide and left in contact 
with excess of this reagent for'^twenty-four hours yielded a yellow 
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011 whict, on seeding witt crystals of diplienylarsenioua cyanide 
solidified to a crystalline solid melting at 28 — 30® (Sturniolo and 
Bellinzoni, Boll, chim, farm., 1919, 68, 409, give m. p. 35®); tih 
product contained 84 per cent, of diph^ylarsenious cyanide and 

12 per cent, of diphenylarsenious oxide. A similar experiment 
carried out with 90 per cent, hydrogen cyanide gave a product 
melting at 29—30® and containing 87 '5 per cent, of diplienyl- 
arsenious cyanide. 

It was next found that it was quite unnecessary to work with 
anhydrous hydrogen cyanide in order to obtain diphenylarsenions 
cyanide. The following three methods, which are based on tie 
use of cyanides of the heavy metals, rendered it possible to 
dispense entirely with concentrated aqueous solutions of hydrogen 
cyanide or its alkali salts. 

(2) From Diphenylcacodyl . — Diphenylarsenious chloride (53 
grams) was stirred at 100® with 30 c.c. of commercial hypophos- 
phoroua acid (30 per cent.). Diphenyl cacodyl (tetraphenyldi- 
arsine) separated in a yield of 83 per cent. This product was 
heated at 250° with mercuric cyanide in the rotating autoclave h 
the proportions demanded by the following equation: 

Ph^As-AsPh2+ Hg{CN)2 =: 2Ph2As*CN + Hg. 

The organic product was extracted with benzene, and the yield of 
diphenylarsenious cyanide was 94 per cent, of the calculated 
amount. 

A similar experiment was carried out with silver cyanide, 
according to the equation 

PhgAs* AsPhj + 2AgCN = 2Ph2As*CN + 2Ag. 

The result obtained was not so satisfactory. 

(3) From Diphenylarsenious Sulphide . — ^Diphenylarsenious 
chloride was dissolved in benzene and shaken for fifteen minutes 
with a saturated aqueous solution of sodium sulphide (IJ mols,). 
The benzene solution, washed with water, dried with anhydrous 
calcium chloride, and concentrated, yielded a mass of colourless 
needles of diphenylarsenious sulphide; yield, 93 per cent. After 
one recrystallisation, the suhstaJice melted at 64®. 

The foregoing sulphide was mixed with mercuric cyanide in the 
following proportions and heated for two hours at 160 — 200®: 

ThgAs-S-AsPh^t Hg(CN)2= 2Ph2As‘CN + HgS, 

The organic product was separated from mercuric sulphide vfith 
dry benzene, the yield of diphenylarsenious cyanide being 71 
cent. 



DIPHKiryiiAESENlOTJS CHLORIDE AND CYANIDE, 783 

Experiments were also carried out, using silver cyanide, according 
io the equation 

Ph 2 As'S*AsPh 2 + 2AgCN = 2PhaAs-CN + AgoS. 

The temperature was kept at 160'^ and the product extracted with 
(jry benzene as before, the yield of diphenyl arsenious cyanide 
being 69 per cent. 

(4) From Diphenylarsenious Chloride,— Mt&r preliminary ex- 
periments, the following method was adopted in the preparation of 
7 4 kilos, of dry, alkali-free diphenyl arsenious cyanid,e. Silver 
cyanide was prepared quantitatively from silver nitrate by pre- 
cipitation with a dilute aqueous solution of hydrogen cyanide and 
dried at 120®. 

Diphenylarsenious chloride was heated with a 10 per cent, excess 
of dry silver cyanide in the glass-lined rotating autoclave for three 
hours at 150 — 160®. The contents of the autoclave were allowed 
to cool to 40®, and filtered through a heated filtering apparatus. 
When the liquid had been thoroughly drained from the silver 
chloride, the latter was extracted with warm, dry benzene, and the 
clear solution distilled. The total yield of diphenylarsenious 
cyanide was about 92 per cent, of the calculated amount. The 
product, without further purification, melted at 28®, and con- 
tained 90 per cent, of the cyanide, the remaining 10 per cent, 
consisting of diphenylarsenious oxide and chloride. 

In this operation, 5 kilos, of silver cyanide were employed, and, 
after washing with hot benzene until free from organic arsenicals, 
the residual silver chloride was reduced to silver by fusion with 
sodium carbonate. Even with an improvised smelting apparatus, 
ihe total loss of this metal was less than 2 per cent. 

This paper is published with the consent of the Chemical War- 
fare Section of the War Office, to whom the authors tender their 
thanks for facilities accorded in the carrying out of this 
investigation. 

City and Guinns Technioai Colleoi:, 

Finsbury, London, E.C.2. [iJeccived, May 16iA, 1920.] 
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LX XXV. — ortho-Chlorodinitrotoluenes. Part /. 

By GiiiBERT T. Morgan and Hahrs Dugald Keith Dee\v. 

The direct nitration of o-chlorotoluene as carried out by Nietzlci 
and Rehe (5er., 1892, 25, 3005) resulted in the isolation of one 
dinitro-compound, 2>clilorO'3 :5-dinitrotoluene. further nitration 
of the 3 - and S-nitro- derivatives of o-chlorotoluene by Borsch e and 
Fiedler led to the same dinitro-compound, these investigators 
indicating a melting point of 63 — 64°, whereas the earlier workers 
gave it as 45° (compare Rabaut, Bvll. Soc. chim., 1895, [iii], I 3 
634, and Komer and Contardi, Atti R. Accad. Zincei, 1915, [v], 
24 , i, 888 ). 

Another dinitro-compound (m. p. 106 — 107°) was obtained br 
Jansen (B.R.-P. 107505) on nitrating 2-chloro-6-nitrotoluene 
(compare Cohn, Mcmatsh,, 1901, 22, 475), 

In the research described below, the nitration of o-chlorotoluene 
to dinitro-derivatives has been investigated more completely, and 
two new isomeridea are described and identified as the 4 ; 5 - and 
4 : 6 -dinitro-oompounds. 

Nitration of O’Chlorotolume. 

Eighty grama of o-chlorotoluene (I) were added during two 
hours to 400 c.o. of concentrated sulphuric acid and 160 c.c, of 
nitric acid (D 1’42) at 8 — 10®, the mixture being afterwards heated 
for four hours on the water-bath. The yellow, supernatant oil 
from three batches weighed 340 grams, and the spent acids, poured 
on to ice, gave an additional 36 grains (total yield, 91 5 per cent 
of the theoretical). 

The oily product partly solidified on cooling, and the solid 
portion, when crystallised from alcohol, yielded pure 2-chloro-3:5- 
dinitrotoluene (V); the alcoholic filtrate gave mixed crystals of 
this compound (m. p. 64°) and of the 5 : 6 -isonierid 0 (m, p 
101 — 106°). As a satisfactory separation of . these two products 
could not be effected by alcohol, petroleum, benzene, or acetic acid, 
recourse was had to crystallisation from concentrated sulphuric 
acid, a method formerly employed by Crossley and Renouf in 
separating the dinitro-o-xylenes (T., 1909, 95 , 202). The oily 
mixture (340 grams) was dissolved in 800 c.c. of concentrated 
sulphuric acid on the water-bath, and this solution yielded, on cool- 
ing, 43 grams of crystalline material, which, on fractional crystal- 
lisation from alcohol, gave 30 grams of the 5 : 6 -dinitro-compound, 

3 grama of the more soluble 4:5-i8omeride (m. p. 87 — 88®), ari 
10 grama of an intimate mixture (m. p. 63 — 65°) of these two 
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isomeric compounds. The mixture contains the 4:5- and 
5 ; 6-isomerides in the proportions, respectively, of 2:1, and as this 
ratio represents their relative solubilities in alcohol, they are not 
readily separated from the mixture by the use of this solvent. 

The concentrated acid filtrate, when treated with ice, gave 
jOO grains of crystals and 152 grams of oil. The solid part, when 
crystallised successively from concentrated sulphuric acid and 
alcohol, furnished a mixture of the 3; 5- and 4 : h-isomerides, the 
former predominating. The oily portion on similar treatment was 
fractionated chiefly into the same pair of isomeridea and a small 
amount of the intimate mixture of the 4:5- and 5 : 6-isomeride8. 

The process of crystallisation from concentrated sulphuric acid 
was repeated many times on the more fusible fractions melting 
below 50®. The two o-dinitro- compounds, the 4:5- and 5:6- 
isomerides, are less soluble in cold concentrated sulphuric acid than 
the ??vdinitro-compounds, the 3:5- and 4 : G-isomerides. Hence 
the former pair gradually accumulated in the crystalline fractions, 
whilst the latter became concentrated in the acid filtrate. 

As the result of a Icugthy, systematic fractionation, 340 grams 
of crude nitration product yielded 125 grams of the 3: 5-dinitro- 
compound, 30 grams of the 5 : 6-isomeride, 15 grams of the 
4:5'Compound, and 63 grams of the intimate mixture (m. p. 
g 3 __G 5 o) Qf last two substances. The oily material obtained 
from the final filtrates, which consisted largely of impure 3 : 5-com- 
pound, gave the reactions of the 4 : G-isomeride (m. p. 49°). 

The 4 :5- and 4 : G-dinitro-compounds have been obtained more 
readily by the nitration of 2-chloro-4-nitrotoluene (p, 786), and 
further nitration of 2-chloro-6-nitrotohiene has given as the main 
product the 5 : 6-dinitro-compound (p. 787). 

The solubilities in concentrated sulphuric add or in methyl or 
ethyl alcohol of the three isome rides containing the nitro-groups in 
positions 3 : 5-, 4 : 5-, and 5 : 6- are respectively in the ratio 4:2:1, 

The diagram below illustrates the derivation of the four 
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2 'chlorodinitrotoluen^ either directly from o-chlorotoluene 
indirectly from 4- and 6-nitro-2-chlorotoluenea. 


N itration of 2-G hloro-A-nitrotolueTue. 

2-Ghlor(f4:5-dinitrotohiene (VI). — 2-Chloro^4-nitrotoluene (HI) 
(51 grams) was added slowly to 250 c.c. of concentrated sulphuric 
acid and 60 c.c. of nitric acid (D 1'42), the temperature beincr 
maintained at 40 — 45^ for one hour. The mixture was then heated 
to 90® until the characteristic odour of the mononitro-compound 
had disappeared. When crystallised from alcohol, the nitration 
product yielded 49 grams of pure 2-chloro4 :5-dinitrotolu6ne melt- 
ing at 88‘-5®, the yield being upwards of 85 per cent. (Found: 
Cl = 16-58;'h^ = 13-15. C^HgOiNsCl requires Cl-16-37; N-12-93 
per cent.). 

2-Chloro-4 : 5-dinitrotoluene separated from cold alcohol in 
lustrous, colourless, hexagonal leaflets, or in tough, prismatic 
needles at higher temperatures. 

2-Ghlora-i ; Q'dinitrotoluene (VII). — The oily residue from the 
foregoing 4 : 5-dinitro-compound was subjected to fractional crystal- 
lisation from concentrated sulphuric add in order to separate the 
other isomeride. The crystallising fraction consisted of nearly 
pure 4 : S-dinitro-oompound, whilst the acid filtrate yielded on dihi* 
tion with water crystals of 2-chloro-4::Q-dinitrat<>luene (m. p. 49*^1 
and an oily mixture of the two isomerides. Kepeated fraction 
ation of this oil in concentrated sulphuric acid led to the gradual 
separation of the two constituents. The total yield of the 4 : 6 -com- 
pouud was about 12 per cent., of which half was isolated in a state 
of purity (Found: Cl = 16'39; N = 13'09. C 7 H 5 O 4 N 2 CI requires 
Cl = 16-37; K==12‘93 per cent). 

2-Chloro4 : 6 -dinitrotoluene is very soluble in alcohol, and 
crystallises in colourless, rectangular prisms or in prismatic needles. 
Like its isomerides, it is odourless. It does not react with aniline 
in boiling benzene, but with liquid or alcoholic ammcnia it gives 
rise to ill-defined, shellac-like products. 

With zinc dust, ammonium chloride, and dilute alcohol, or with 
alcoholic stannous chloride and hydrochloric acid, the 4 : 6 -dinitro- 
compound underwent reduction to G-ehlor(y2 : idotylen-edkmine 
(IX), crystallising from benzene or from alcohol and water in 
needles melting at 69 '5®. With diazonium salts, this base gave 
the reactions of a meta-diamine* its constitution was determined 
by converting it, through the Sandmeyer reaction, into 2 : 4 : 6 -tn- 
chlorotoluene (X), melting at 33 — 34® (Cohen and Dakin, T., 1902, 
81, 1335). 
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itratio^n of 2-C hloro-^-7hitrotoluene.. 


2 -X)hloro-h :Q-dinitrotoluene (IV). — A specimen of 6 -nitroo- 
toluidine, available tbrougb tbe kindness of Prof. Green, was con- 
verted by tbe Saudmeyer reaction into 2-chloro-6-nitrotoluene (II) 
(m. p. 36 — 37°), and tbe latter compound nitrated at 20 ^ with 
15 parts of concentrated sulphuric acid and 2 parts of nitric acid 
(D 1’42), the reaction being completed at SO'^. The yield of 
5 : 6 -dinitro-componnd was upwards of 85 per cent., and there was 
a small amount of oily by-product, 2-Chloro-5 : 6 -dinitrotoluene 
melting at 106-5° separated from methyl or ethyl alcohol in colour- 
less needles or prisms; its constitution was confirmed by the 


following processes. 

Action of Ammonia on 2-ChlorO‘5 iG-diniirotoluene. — When 
treated either with liquefied ammonia or with saturated alcoholic 
ammonia, 2 -chloro -5 : 6 -dinitrotoluene was converted quantitatively 
into 6 -chloro- 3 -nitro-o-tolnidme, the inorganic product being 
ammonium nitrite entirely free from arnmoniuiQ chloride. On 
crystallising from alcohol, the nitroamine separated in pale amber, 
highly refractive prisms with pyramidal ends; it melted at 151-5° 
and had a faint vanilla odour (Found: Cl = 19-18; N = 15-18. 


C 7 H 7 O 2 N 2 CI requires Cl = 19-01; N =15-02 per cent.). 

G^Ohlom-S-nitro-o-tolui^me (XII), which was only very sparingly 
soluble in water, dissolved more readily in warm, moderately con- 
centrated add, ether, or the alcohols. It was not benzoylated 
under Schotten-Baumann conditions. 

^^Chloro^l^nitroindazole (XVII) .-A solution of the diazomum 
sulphate of the foregoing nitroamine (PG grams) was boiled with 
alcohol, and the product distilled in a current of steam, when the 
distillate contained 2 -chloro- 5 -nitrotolu€ne (O'S gram), and the 
residue yielded a voluminous mass of felted, yellow needles (0 6 
gram), very sparingly soluble in hot water, crystallising from warm 
alcohol, and dissolving in aqueous sodium hydroxide 
yellow solution (Found: N = 21'49; 01 = 17 93. 7 4 2 3 

requires N = 21-28; Cl = 17-95 per cent.). This indazole mel^ at 
218°, and, on warming, had a marked odour resembling that of 
iodoform. , ^ . j 

The foregoing 2 -ohloro- 5 -nitrotoluen 0 (XIII) was arao ens 

F 2 
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by oonversioa into B-chloro-TWr-toluidine (XIV) and ita benzoyl 
derivative, these compounds melting respectively at 84^ and 
119—120° (Wibaut, 'Rec, trav, chim., 1913, 32, 244). 

These results show that it is the 6-nitro-group which is displaced 
quantitatively by the amino- radicle. This displacement was un- 
expected, inasmuch as it was to be anticipated that the 5-nitro- 
group would be the most mobile of the three acidic substituents, 
owing to its position in regard to the chlorine atom and the other 
nitro-group. A similar case, in which, however, this anomalous 
displacement is not quantitative, has recently been described by 
Komer and Contardi {Atti R. Accad. Lincei, 1916, [v], 25, ii, 339), 
who showed that 2 : 3 : B-trinitrotoluene gave with alcoholic 
ammonia a mixture of 2 : 6-dinitro77^-toluidine and 3 : G-diniW 
toluidine, the production of the latter base being another instance 
of the displacement of a nitro-group when contiguous to a methyl 
radicle (compare Kenner, T., 1914, 105, 2717). 

The orienUtion of the amino-group in 6-chloro-3-nitro-o-toluidine 
is demonstrated by the reactions summarised in the following 
diagram : 
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Q-Chlaro-^iZ-tolyknediamine (XV), produced by 
e-chloro-S-nitro-o-toluidine with zinc dust and ammonium ch on 
in dilute alcohol, was obtained in the form of its hydrochlon 
(nacreous leaflets decomposing at 263°). The free base crys ^ 
lised from benzene and light petroleum in colourle^ n w 
ipg at 46—47°, and giving an acetyl derivative melting 
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^Ol— '203°. The diazoimine (XVI), precipitated by adding sodium 
nitrite to the dihydrochloride in dilute aoetio acid, crystallised from 
hot chloroform or benzene in creamy-white, flocculent masses of 
jninute plates melting at 232° (Found: N = 25'52; 01 = 21*30. 
CHeNsOl requires N = 25*08; 01=21*16 per cent.). 

^.Chlori^l-methylheiizopheimnthTazinG (XVIII), prepared by 
heating 6-chloro-2 : S-tolylenediamine and phenanbhraquinone in 
fflacial acetic acid, crystallised from benzene in woolly masses of 
yellowish-white needles melting at 244° (Found: 01 = 10*75. 
C-nSisNoCl requires 01 = 10*79 per cent.). 


Action of Ammonia on 2-ChloroA:b-dinitrotolucne. 


With liquid ammonia, the 4 : o-dinitro-compound underwent far- 
reaching changes; ammonium nitrite and chloride were both pro- 
duced, and the organic product was tarry and uncrystallisable. 
A simpler reaction occurred with saturated alcoholic ammonia, 
when 9 grams of the dinitro-compound yielded 8 grams of Q-chloro- 
i-nitra-m-toluidme (XX), a base crystallising from methyl alcohol 
in stout, brittle, orange-red prisms with pyramidal ends, or in 
orange-red, silky needles; both forms melted at 144°.* This 
amine is slightly volatile in steam, even in the presence of mineral 
acid; it has a faint odour of vanilla, and is readily soluble in 
orc/anic solvents, although sparingly so in water (Found : 
Cl=19'18; N = 15*23. C7H7O2N0CI requires Cl = 19* 01; N = 15*02 
per cent.). 

The processes summarised in the diagram on p. 790 were carried 
>ut in order to determine the constitution of 2-chloro-4 :5-dinitro- 
loluene and 6-chloro-4-nitro-7/z-toluidin6. 

(1) On boiling an alcoholic solution of 2-chloro4-mtrotohien6- 
i-diazonium sulphate. 2-chloro-4-nitrotoluene (XXIII) (m. p. 65 ) 
was obtained, volatile in steam and developing an intense red 
coloration with hot alcoholic sodium hydroxide. 

(2) The diazonium chloride when treated by the Sandmeyer 
reaction yielded 2 : 5-dichlorO'4-nitrotoluene (XXIV) (m. p. 
47—50°), and this product on reduction gave 2 :5-dichloro-p- 
taluidine (XXV), melting at 91—92° (Cohen, T., 1901, 79, 1130; 
1902, 81, 1347). A repetition of the Sandmeyer reaction on^this 
base furnished 2 :4 : 5 -trichlorotoluene (XXVI), melting at 82 


• A nitroaraine stated to have the same orientatioa as the foregoing prepara- 
tion, which has been described as separating in yellowish -brown pns^ m g 
at 158-159', prop>.red by nitotiag e-'>J°roaoeto.m-tolm*de by 
subsequent hydrolysis. A by-product obtrined simult^eous y w -d p 
a. Ichloro.2.mtrL.tolmdiii; padische Anilm- * Soda-Fabiik, 

22ft772), 
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(3) A similar di azo-solution, treated with excess of at^ueous 
sodium carbonate and then added to an alkaline solution of 
resorcinol, gave a bright red azo-resorcinol, dyeing wood in orange- 
red shades not affected by after-chroming, which had evidently not 
lost the nitro-group. 

^-ChloT(h?i:i4olyleriediamvne (XXI).-— The hydrochloride of ttis 
diamine was produced quantitatively by reducing 6-chloro-4-nitro 
m-toluidine with zinc dust, ammonium chloride, and dilute alcohol, 
or with alcoholic stannous chloride. The free base crystallised in 
lustrous, pale brownish-yellow leaflets melting at 143° (Found: 
Cl-22’35; N-17‘90. C 7 H 9 N 2 CI requires Cl = 22-64; N=17-89 per 
cent.). 

The diazoimine (XXTI), insoluble in water, crystallised from 
chloroform in pale flesh-coloured, woolly masses of minute needles 
melting at 192° (Found: Cl = 21-37; N = 25-33. CyH^NjCl requires 
Cl = 21-16; N = 25’08 per cent.). 

^’Ohloro-2-methylhenzophenanthrazine, Ci 4 Hg%^/CgHoMeCl, 

obtained by heating its generators in glacial acetic acid, separated 
from benzene in golden -yellow needles melting at 264 — 265°. Like 
its isomeride (p. 789), it developed an intense cerise coloration with 
concentrated sulphuric acid (Found: 01=10*86. CjiHijNsCl 
requires Cl=10‘79 per cent.). 


The Action of Ammonia on 2-Chloro-Z:^-diniirotolutne, 

Dry ammonia gas passed to saturation into an alcoholic solution 
of 2 -chloro- 3 : S-dinitrotoluene developed transient blue colorations, 
and then deposited 3 :5-dinitro-o-toluidine (m. p. 213°), the jdold 
being upwards of 95 per cent. Favourable results were obtaine<^ 
with methyl-alcoholic ammonia or with liquid ammonia. A simihr 
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colour change was due to the formation of an additive compound 
^th ammonia, since, on evaporating the violet solution in liquid 
ammonia, the residue consisted of unchanged 3 :5-dinitro-compound, 
was quite free from ammonium chloride or nitrite. 


Azo-dyes from ^‘.i^-Binitro-o-toluidine, 


3 : 5 -Dinitro^o-toluidine* was diazotised either in concentrated 
sulphuric arid with solid sodium nitrite or by Witt’s method, by 
adding a mixture in molecular proportions of the base and 
potassium metabisulphite to fuming nitric arid at -5^ to 0°. The 
diluted diazo-solutions were neutralised by pouring into 3 per cent, 
aqueous sodium carbonate at 0°. A yellow, amorphous substance 
was deposited, the yield being about 30 per cent, of the base taken. 
The bright yellow filtrate, which contained a very stable diazo- 
compound, was added to an alkaline solution of resorcinol; the 
liquid was then heated on the water-bath, and sodium chloride was 
added to precipitate the alkali salt of the azo-dye. The free 
hydroxyazo-derivative (XXVII) separated from ether in lustrous, 


OH OH 

KOj/ : n/ ^oh 

Me 

(XXVII) 


NOj 

Me /“ \ 
(XXVIII.) 


crimson crystals decomposing at 256—257° (Found; 14*10. 
C 13 H 11 O 5 N 3 requires N = 14*53 per cent.). 

The triacetyl derivative of this hydroxy azodye, obtained by 
adding a trace of concentrated sulphuric acid to a suspension of 
the dye in acetic anhydride, crystallised from dilute acetic arid or 
alcohol in pale red needles melting at 147 — 148° (Found : N — 10 38. 
requires N = 10‘12 per cent.). 

Further confirmation of the formula (XXVII) ascribed to the 
azo-resorcinol derivative was obtained by the fact that it dyed wool 
from an acid bath in orange-red shades, which were changed to 
dark purple tints by conversion into the chrome lake of the dye 
either by after-chroming or by the metachrome process. 

Z\^-Dimtrotoluene-2-azo-&-riaphthol (XXVIII), produced by 
adding the dilute acid solution of 3 : 5 -diiiitrotoluene- 2 -diazonium 
sulphate to alkaline j 3 -naphthol, crystallised from glarial acetic 
Mid in lustrous, dark crimson needles melting at 226° (Found . 
N=16*53. C 17 H 12 O 5 N 4 requires N = 15-90 per cent.). 

• This dinitro-base and the amines XII and XX (pp. 787 ^ave 

the Greer and Rowe teat for 0 - and p-nitroanunes (Ti, 1913, 103, )* 
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Cd(mr Reactions of the 2-Chlorodimtrotoluenes. 


The following colour changes were found useful in identifying 
the four isomeric 2 -chlorodinitrotoluenes : 


Isomeride. 

3 ;5- 

(m. p. 64'5®). 


5:6- 

(m.p. 106*5®). 


4:5- 

(m. p. 88*5°). 


4:6- 

(m. p. 49®). 


Anhydrous 
liquidammonia 
(the gas lique- 
fied on to the 
solid). 

Intense violet to 
bluish-violet 
(red by trans- 
mitted light), 
changing to 
greenish -black. 

Yellow (tr.) to 
orange -red (tr.) 


Orange -red (tr.) 
to bluish- and 
brownish -black. 


Intense violet 
to bluish -violet, 
to magenta and 
finally deep 
crimson. 


Alcoholic 
ammonia (gas 
passed into al- 
coholic solu- 
tion). 

Greenish to 
azure - blue, 
changing to 
red (tr.). 


Yellow (tr.). 


Orange-red (tr.). 


Bright red (tr.) 
to bluish -green, 
to intense azure- 
blue (red by 
transmi 1 1 e d 
light), to deep 
crimson. 


Alcoholic sodium 
hydroxide. 

Pale yellow fir.) 
to greenish-blue, 
to intense rose, 
red. On heating 
to bright orange, 
red (tr,). 

Faint yellow (tr.). 
On heating to 
orange, to deep 
orange -red, lad- 
ing to brownish- 
yellow (tr.), 
finally light 
orange (tr.). 

Pale yellow (tr.) 
to intense emer- 
ald-greea, to 
blue, bluish- 
black to brown- 
ish-rod. On 
heating to pale 
orange-red (tr.). 

Intense blue to 
greenish-blue, to 
brownish-Iblack, 

On heating to 
red dish -black, 
and finally to 
deep orange -Tcd 

(tr.). 


In all cases, the colorations were opaque unless marked tr. - 
transparent. Intense violet and blue colorations with anhydrous 
and alcoholic ammonia were obtained with both meta-dmitro- 
compounds, whereas the two ortho-dinitro-isomerides gave orauge 
red tints. 


Summary > 

(1) The nitratioa of o-chlorotoluene m mixed 
add leads to a mixture of isomeric ^ 

cent, of the calculated amount). The loss is occasion f 
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tion and sulpHonation. Tli« nitration mixture contains four 
isom^rides in approximately the following percentage amounts: 


3 ; 5-Dinitro-2-chlorotoluene 
5 ; 6 - „ 

4:5- „ 

4:6- „ 


Per cent. 
55—60 
18—20 
18—20 
1 — 2 


(2) The existence of the four isomeric diuitro-2-chlorotoluenes 
in the nitration mixture shows that the orientation due to methyl 
is not entirely overpowered by that of the more actively directive 
chlorine substituent. The influence of the methyl group is moro 
powerful in the first stage of nitration, when it accounts for 38 per 
cent, of the mono-nitrated products (Wibaut, he. cit), whereas in 
the second stage of the process its efiect accounts for less than 
10 per cent, of the final product. 

(3) Nitration of 2-chloro-6mitrotoluene leads to the formation 
of 2-chloro-5 : 6-dimtrotoluene as main product, the yield of this 
isomeride being about 90 per cent. 

(4) Nitration of 2-chloro4-nitrotoluene gives 2-chloro4:5- 
dinitrotoluene as main product (upwards of 85 per cent.) and 
2'cMorO“4 ; 6-dinitrotoluene as by-product (yield about 12 per cent.). 

(5) These dinitro-2-chlorotoluenes contain labile acid radicles 
displaceable by amino-groups. In this reaction, addition of 
ammonia to the aromatic compound precedes substitution, the first 
phase in the reaction being accompanied by the development of 
intense colorations. 


The authors desire to express their thanks to the Advisory 
Council for Scientific and Industrial Uesearch for grants which 
have partly defrayed the expenses of this investigation. 


The Chemical DErAUTMENT, 
The Univeesity of Biemingham, 
Edgbaston. 


[Uecemd, April 2Atk, 1920.] 
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LXXXVI — The Oxidation of the Ingredients of Banded 
Bituminous CoaL Studies in the Composition oj 
CoaL 

By Frederick Vincent Tides well and Richard Vernon 
Wheeler. 

It has been shown that the four macroscopically distinct portions, 
vitraiDj clarain, durain, and fusain, into which banded bituminous 
coal can be separated differ in essential microscopical structure 
(Stopes, Proc. Roy. Soc., 1919, [5], 90, 470), in their behaviour 
towards reagents and on destructive distillation (Tideswell and 
Wheeler, T., 1919, 115, 619), in their behaviour on coking, and in 
the composition of their mineral constituents (Lessing, this vol., 
pp. 247, 256). The differences in chemical constitution between 
the ingredients disclosed by a decrease in their reactivity towards 
solvents, reagents, and heahtreatment (in the order vitrain, 
clarain, durain), seem to be due to a variation in the proportions 
in whidi the constituents of the coal conglomerate are present in 
each ingredient of the banded coal rather than to the presence in 
any one of them of fundamentally distinct types of compounds. 
Fusain, which is much less reactive in most respects than the 
remainder of the coal substance, requires separate consideration. 

In view of their known differencses, the separate ingredients of 
banded coal are more suitable materials for the study of the oxida- 
tion of " coal ’'in relation to its spontaneous combustion than are 
bulk samples. For it is clear that lumps of banded coal, although 
obtained by careful quartering of the bulk samples, may differ 
markedly one from another, in chemical composition and general 
properties, dependent on the distribution of the different hands in 
them. 

Samples of the four ingredients from the Hamstead Thick Coal 
have been subjected to the action of air or oxygen at different 
temperatures to determine their rates of oxidation and relative 
ignition- temperatures. The experiments were designed to yield, in 
addition to information as to the comparative behaviour of the 
four ingredients of banded coal, data which would be of service 
to the general research on the mechanism of the reaction between 
oxygen and the coal conglomerate on which we are engaged. 
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Selative IffMtion^temjferaturet. 

The method of experiment has been described in T,, 1918 113 
949 , which should be consulted. Insufficient fusain was available 
for the determination; the other ingredients did not show any 
marked differences in their relative ignition-temperatures as judged 
by the points of intersection of the time-temperature curves. The 
tosts were carried out under identical conditions as regards rate 
of heating, speed of passage of air-current, etc., and the “ignition- 
temperatures'' recorded ranged from 170'^ to 175° for each 
ingredient. 

It was clear, however, from the difference in slope of the heating- 
curves for the coals compared with that for the sand-bath, that the 
wide differences in the amounts of moisture contained in the three 
ingredients affected in a different degree in each instance the rate 
of rise of temperature of the coal due to oxidation. The moisture- 
content chiefly determines the lag at low temperatures (up to 80*^) 
between the temperature of the coal and that of the sand-bath, 
and this lag affects the point of intersection of the two curve®. 
Consideration of the rates of heating of the coals at temperatures 
above 80° (at which temperature nearly all moisture had been 
driven off) indicated that vitrain and clarain were almost equally 
liable to self-heat, whilst durain appeared appreciably less liable. 


Rate of Absorption of Oxygen. 

The apparatus employed, constructed wholly of glass without 
rubber connexions, enabled a continuous stream of air or oxygen 
to be circulated through the sample of coal to be tested, which was 
contained in a horizontal reaction- tube, 1‘5 cm. in diameter, main- 
tained at the experimental temperature by means of an electrically 
heated air-oven. Suitable stop-cocks in the circuit enabled the 
reaction-tube to be by- passed, or to be exhausted separately from 
the rest of the apparatus. A by-passed calcium chloride tube, for 
drying the gases, was included in the circuit. 

Twenty grams of the coal, undried and broken into pieces 
capable of passing through a 10 x 10 and remaining on a 60 x 60 
niftsh sieve, were packed tightly in the reaction-tube and held in 
position by plugs of glass-wool. The coal was then exhausted 
during forty-eight hours at the ordinary temperature, and finally 

200°, the gases removed (original occluded gases) being collected 
and analysed. In the meantime, the remainder of the apparatus 
(the volume of which could be adjusted to be 1100, 2100, or 



796 TIDESWELL AJSD WHEELER ! THE OXIDATION OE THE 


3100 c.c. as required) had been filled with oxygen at rather more 
than atmospheric pressure, and circulation begun, through the 
bj'pass of the reaction-tube, by means of an automatic mercury 
pump. 

The coal having been brought to the experimental temperature, 
the reaction-tube was included in the circuit, which formed a closed 
system, and readings of the gas pressure were at once taken. 
Thereafter, readings of the temperature, gas pressure, and baro- 
meter were taken at frequent intervals during 120 hours, the rate 
of circulation of the oxygen through the coal being maintained at 


1 litre per hour. 

At the end of the circulation period of each experiment (whicli 
yielded time^-pressure curves, from which the rate of absorption of 
oxygen by the coal could be calculated), the coal was rapidly cooled 
to the ordinary temperature, and the gases remaining in the 
reaction tube were removed by exhaustion during several hours 
and transferred to the main part of the apparatus. The tempera- 
ture of the coal was then raised to 200^, and the gases obtained hy 
exhaustion during twenty-four hours were collected separately and 
analysed. A sample of the oxygen (containing carbon dioxide and 
carbon monoxide) in the main part of the apparatus was also 
taken. After allowing the reaction-tube to cool to the tempera- 
ture required for the next experiment, fresh oxygen was introduced 
into the apparatus, and the cycle of operations repeated. In the 
series of oxidations of vitrain, clarain, and durain, the tempera- 
tures were 15°, 50°, 100°, 50°, and 50°; with fusain the order wa^ 


50°, 50°, 15°, 100° and 50°, 

In Figs. 1, 2, and 3, curves are given showing the relation 
between Ume’ and the volume of oxygen absorbed by each of the. 
ingredients of the banded Hamstead coal at 15°, 50°, and 100°. 
The series of oxidations at the three temperatures were made with 
each ingredient on the same sample, which was^ not removed from 
the absorption apparatus until the series relating to it was com- 
pleted. Before each oxidation at a given temperature, the coah 
position in the absorption apparatus, was exhausted at 200 , a? 
alreadv described, until gases ceased to be evolved. 

It has been shown (T., 1918, 113 , 949; 1919, 115 , 895) t at, in 

a manner analogous to the burning of carbon, the immediate resu 
of the absorption of oxygen by coal may be considered e o 
formation of a coal-oxygen complex. This complex on being ran 
slightly in temperature decomposes, evolving carbon dioxide, ca 
monoxide, and water, and leaving a residue but little altered m 


character from the original coal. 

Preliminary experiments had shown that it was 


possible to heat 
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Hamstead coal “ saturated ” with oxygen to a temperature as 
biffh as 200®, and to exhaust it at that temperature, without 

Fig. 1. 



— Ao«r5. Oxidation at 15 . 


materially altering the composition of the coal substance or pro- 
ducing any effects other than to decompose the coal-oxygen complex 



Tim& — hours. Oxidation at 50 . 


and to remove small quantities of gaseous paraffin hydrocarbons 
(tlie liigier membera of tie series). The proportion of the complex 
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that decomposes into the simple oxides increases rapidly with 
increased temperature; hence the necessity for exhausting the 
"saturated” coal at as high a temperature as possible. By such 
exhaustion, the coal recovers to a great extent its capacity for 
absorbing oxygen-that is to say, its capacity for complex-form, 
ation — the recovery amounting to about 95 per cent, of ths 
original capacity after exhaustion at 200°. It may be noted that 
the Hamstead coal is particularly adapted to expenments of this 
nature by reason of the small quantities of occluded paraffins that 
it. contains. 

A study of the absorption curves discloses difierenoes between 
the three ingredients, vitrain, clarain, and durain, of the same order 


Fio. 3. 



as might be anticipated from their differences in composition, AH 
^absorb oxygL to a marked degree, but ^ " 

in absorptive power in the order vrtrain 
particularly mark^ at low temperatures (15 ). At 
Lnperatures (50°), the difference between vitram a 1 
decreases, and at 100° the absorptive power of each 1 

the same. It is possible that at still higher temperatures 

would take the lead. Durain, throughout the sen^ of 

displayed lees absorptive power than either vitrain o j 

absorption of oxygen by durain being 10 per cent. 

vitrain at 15® and 30 per cent, less at 100®. caloalated 

The tempeiaturecoefficiente of the reactions (A„), 
from the total absorptions during 120 hours, are: 
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range : Vitrwa. Clarain. Durain. Fusain. 

1&— 50® l'30l 1-298 1-217 1-638 

60—100® 1-407 1-414 1-387 1-013 

Mean value over : 

16—100® 1-362 1-365 1-313 1-203 


Fusain stands apart from the rest of the coal, as in its chemical 
properties generally, in its high absorptive power at low tempera- 
tures, and its low temperature^joefficient. At 100°, fusain absorbs 
oxygen scarcely more readily than does dnrain. 

The ease of oxidation of the four ingredients of Earn stead coal 
should he compared with their power of absorbing moisture and 


the halogens : 

Moisture -content, per cent 

Absorption of iodine, per cent. 

(а) Aqueous, in 24 hours .... 

(б) Wijs’ solution, in 6 hours 
Absorption of oxygen, c.c. per 

gram. 

At 100" in 120 hours 


Vitrain. 

Clarain. 

Durain . 

Fusain. 

12-40 

11-95 

7-00 

4-30 

33-6 

34-0 

26-6 

6-4 

86-5 

84-0 

68-4 

12-8 

60-9 

60-3 

43-2 

51-6 


Whilst the absorption of oxygen and the halogens hy coal is 
certainly not entirely a physical phenomenon, the magnitude of 
the effect for a coal of given composition may well be proportional 
to the concentration of the oxygen or the halogens maintained 
within it by purely physical absorption. In this connexion, the 
observation by Winmill {Trans. Inst. Min. Eng., 1916, 51, 494) 
may be cited, that the rate of absorption of oxygen by coal varies 
approximately as the square root of the partial pressure of the 
oxygen. Su(i a relationship would be expected were the amount 
of oxygen entering into chemical combination in a given time with 
the coal substance dependent on the concentration of oxygen within 
the coal. 

Judged from this point of view, the difference in absorptive 
power evinced by the three ingredients, vitrain, clarain, and durain, 
would lie in their physical structure — in their power of physical 
absorption. This does not necessarily imply that the subsequent 
chemical action, or the products of such action, are identical in 
each instance, although there is undoubtedly a great similarity 
between them. 

The data obtained by the exhaustion of the oxidised coals at 200° 
throws some light on this matter. The main facts elicited from a 
study of the quantities and compositions of the gases thus obtained 
(see tables I and II) are : 

(1) There is a rapid and continuous increase in the amount of 
gas evolved (that is to say, in the amount of decomposition of the 
ooaUxygen complex) as the temperature of exhaustion of the coal 
after oxidation is increased. 
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Table I. 

Goies Evolved on ExhcMsiion. 

A. B. 

From same sample of 
durain, (after experj. 
From durain, after ment A), after oxida. 


Temperature 

oxidation at 100“. C,c, 

tion at 50“ 

. C.c. 

during exhaustion. 

COj. 

CO. 

o 

p 

CO. 

1&— 100“ 

2-7 

0-7 

3-1 

0‘8 

100->160° 

185 

5-2 

4-5 

I ‘6 

130—200 

63-8 

15-1 

15-8 

4-S 


Table II. 


Tempo ra- 



Series 

ture of 





Number, oxidation. Vitrain. 

Clarain. 

Durain. 

Fusain. 

Oxygen absorb- 
ed. C.c. per 
gram of ash- 
free dry coal. 

f- 

m. 

15“ 

50 

100 

50 

50 

5-7 

13-4 

60-9 

9-2 

8-8 

5-2 

12-5 

60-3 

9-6 

8-3 

5-15 

9-9 

43-2 

7-0 

5-9 

12-63 

45-0 

51*6 

15*0 

lo-o 


Original 

occluded 






Carbon dioxidf^ 

gases. 


1'61 

130 

0-90 

1-06 

evolved on 

X. 

15 

0’59 

0*60 

0-49 

0*32 

exhaustion at 

1 Ik 

50 

1-71 

1-38 

113 

0-77 

200“. 

Ul 

100 

6-85 

6-40 

4-79 

4-55 


IV. 

50 

3-28 

2-20 

1-91 

_ 


V. 

50 

2‘68 

T60 

1-80 

1'29 


! Original 
occluded 






Carbon mon- 

j gases. 


0-30 

0-26 

0-16 

0-25 

oxide evolved 

I. 

15 

0‘lG 

0-17 

0-13 

0*10 

on exhaustion ' 

, II. 

50 

0-48 

040 

0-30 

0-27 

at 200“. 

1 III 

100 

1-65 

1-60 

M9 

1-29 


1 IV. 

50 

0-72 

0-67 

0*51 

— 


; -V. 

50 

0-58 

0-47 

0*45 

0-38 


Original 

occluded 






Ratio COjeO 

gases. 


5-35 

O'08 

5*50 

4*10 

evolved on ex- 

I. 

15 

3-64 

3-60 

3*73 

3*10 

haustion at 

II. 

50 

3-64 

3>44 

3*74 

2*95 

200“. 

III. 

100 

4*57 

3-99 

4*00 

3*52 


IV. 

50 

4-54 

3-40 

3*73 

— 


1 V. 

50 

4-62 

3-40 

4-06 

3*40 


(2) TKe amount of complex formed, as judged by tbe volumes of 
carbon dioxide and carbon monoxide subsequently evolved on 
exhaustion at 200^, increases rapidly with the temperature of 
oxidation. 

(3) There is a variation in the amount of decomposition of tie 
complex dependent on the previous treatment to which tie ooal 
has been subjected. This was most marked after the coal had been 
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;,xidis 0 d at 100^ and exhausted at 200®. Before this treatment, 
oxidation at 50° (Series No. II) and exhaustion at 200° released 
as carbon dioxide and carbon monoxide 12 per cent, of the oxygen 
absorbed at 50°; subsequently (Series Nos. IV and V), 40 per cent, 
was so released. 

(4) There is a difference between the four ingredients as regards 
the ease of decomposition of the complex, the proportion of the 
absorbed oxygen released as carbon dioxide and carbon monoxide 
being considerably less with clarain than with vitrain or durain 
(except after oxidation at 15°). This suggests that the chemical 
reaction which follows the physical absorption of oxygen, and is 
responsible for its final disappearance, varies somewhat in degree, 
and perhaps also in nature, as between one ingredient of the 
banded coal and another. With fusain, the oxygen complex is 
either formed to a less extent than with the other parts of the coal 
or, when formed, is more difficult to decompose. 

The general conclusions to be drawm from the experiments as 
regards the banded bituminous coal are : 

(1) Of the three main ingredients of the banded coal, the bright 
ones, vitrain and clarain, show greater liability to oxidise and to 
ignite than the dull durain. The difference between these 
ingredients is not, however, so great as to warrant any suggestion 
that the bright portions of Hamstead coal are primarily responsible 
for its liability to spontaneous combustion. 

(2) The influence of fusain is uncertain. Many practical miners 
consider that spontaneous combustion originates where '^niother- 
of-coal” (fusain) abounds, The results of our experiments lead us 
to consider it improbable that fusain has a preponderating influence 
in determining the actual ignition of the coal after self-heating has 
begun; but it is conceivable that the rapid absorption of oxygen 
by fusain at low temperatures may be attended by a sufficient 
evolution of heat to raise appreciably the temperature of the main 
raaas of the coal, thereby causing the most inflammable ingredient 
(vitrain) to react more readily with oxygen. 

To determine this matter with certainty, and it is clearly one 
which demands settlement, further experiments with a number of 
samples of. fusain from different coals are required. We are 
addressing ourselves to this problem as being part of the general 
study of the oxidation of coal. 

Home OinoB Experimental Station, 

Eskheals. 


[JBccctved, May 1920,] 
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LXXXVIL“-8-ff^yc2roxy-2 : d-quinoxanthone. 

By Harry Fitzgibbon Dean and Maximilian Nierenstein. 

When euxantkone (I) is oxidised with chromic acid, a red product 
is formed, to which the formula 2-hydroxy-5 : 8-quinoxantlione 
(II) has been assigned (Nierenstein, Ber., 1913, 46, 649), On 
reduction, this substance yields the corresponding pale yellow 
2 : 5 : 8 -trihydroxyxanthone (III). Van Scherpenberg {Diss., Delft, 
1918, 68; Ckem. WeekhUul, 1919, 16, 1146) has pointed out that 
since the quinoxanthone gives trinitroresorcinol on treatment with 
nitric acid, its probable constitution is 8-hydroxy -2 : S-quino- 
xanthone (IV), the reduction product being the corresponding 
2:3: 8-trihydroxy xanthone (V). These contentions of van 
Scherpenberg are in the best agreement with the results given in 
the present communication. 




;/\/v/ 

OH CO 
(b) 


!oH 


0 0 



OH CO 
(iVd 


OH 0 




!oh 


./\/\/ 

OH CO 

( 111 .) 

0 

/\/\/\0H 

kAA> 

CO 

{V.) 


Experimental. 

The original method for the oxidation of euxanthone was foM 
as previously stated (loc. eit.), to give a product which crfstalhse 
only with difficulty. This may be overcome by using the fo o 
ing modification: To a well-cooled solution of 6 gra 
euxanthone in 75 c.c, of glacial acetic acid, 10 grams of ohm* 
acid dissolved in 150 c.c. of glacial acetic acid, also ’ 

are slowly added during three hours. The mixture is ep 
for twenty-four hours, water is then added, and the precip 
crystallised from gladal acetic acid. This product prm 
colour reactions previously described. The average yield is P 
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pent, of the theoretical (round: C=64-5; H^2'7. Calc,; 
C=64‘5; H = 2’5 per cent.). Preparations which may be readily 
crystallised are also obtained when 2:3: 8-trihydroxyxanthone (V) 

[5 oxidised with 2?-benzoquinone (A. G. Perkin, T., 1913, 103, 
g57). A solution of 1 gram of the trihydroxyxanthone in 25 c.c. 
of absolute alcohol is treated in the cold with 0*5 gram of p-benzo- 
quinone, and the solid formed is crystallised from glacial acetic 
jidid The average yield is 73 per cent, of the theoretical (Pound; 
C=^64‘3; H = 2'6, Calc.: C = G4'5; H = 2‘5 per cent.). 

On heating molecular proportions of the quinox ant hone (pre- 
pared by the original or by either of the above-given methods) 
^th 3 : 4-tolylenediamine in glacial acetic acid solution, the corre- 
sponding azine is easily obtained, which conclusively proves the 
ortho-quinonoidal structure of the compound. The azine crystal- 
lises from glacial acetic acid in deep red needles, which darken 
and subsequently char between 328° and 340° without melting 
(Found: N=^8-3, 8’7. C2(jHi40,^N2 requires N = 8'5 per cent.). 

2 : Z~Mcthyhnedioxy-^-methoxyxanthone. 

As in the case of woquercetone (Nierenstein, T., 1915, 107, 870), 
an excess of diazomethane converts the quinone into the above- 
mentioned derivative. The reaction is carried out in ethereal 
suspension, the theoretical yield being obtained. The substance ■ 
(Tystallises from alcohol in colourless needles, which melt and 
decompose at 211-212° (Found: C = 66-5; 0 = 3^8; OMe-U'O. 
requires C-66'7; H-3’7; OMe-ll*5 per cent.). 

2 : Z-Dih?jdroxy-^-methoxyxantk(me. 

This substance is obtained on removing the methylene group by 
Fittig and Remsen’s method {ATmilen, 1873, 168, 97), the 
technique being the same as in the case of the corresponding 
isoqueroetone derivative {loc. cit.). It crystallises ^ ^ ^ 

in colourless needles, which melt and decompose at 2 
The alcoholic solution gives a green colour with alcoholic feme 
chloride. It dyes calico mordanted with aluminium faintly thus 
resembling' 2 :3-dihydroxyxanthon6 (Liebermann and Linden^um, 

Ber., 1904, 37, 2736) (Found: C^64'8; H = 4-2. C14H10O5 

requires C = 65'l; H = 3'9 per cent.). 


2:3' S-Trimetkoxyxanthme. 

This derivative is prepared from the previously-mwtion^ 
dihydroxy-oompound by the action of methyl s p ^ • 
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crystallises from alcohol in faintly yellow needles, which melt at 
194 — 195"^. This substance is identical with that formerlv 
described as 2:5: 8'trimethoxyxanthone, which was prepared by 
the action of diazom ethane on the corresponding trihydrox\- 
xanthone. 

2 : Z-Diacetoxy-^mtthoxyxa/rdhoney prepared by digesting the 
dihydroxy-compound with acetic anhydride and anhydrous sodixiin 
acetate, crystallises from alcohol in colourless needles, which m^it 
and decompose at 231 — 232° (Found: C=63-0; H = 4'3. 
requires C — 63'2; H — 4-1 per cent.). 

The relative positions of the hydroxyl groups in 2:3;8-trt 
hydroxyxanthone (V) become still more evident on comparisoH 
with euxanthone (I). (1) 2 : 3 ; 8-Trihydroxyxanthone, on treat- 
ment with methyl sulphate (34 mols.), is not fully methylated, the 
hydroxyl group in position 8 not being attacked, as in the case 
of euxanthone (v. Kostanecki, Ber., 1894, 27, 1992; Herzig and 
Klimosch, Hid., 1908‘, 41, 3894; compare, however, A. G. Perkin, 
T., 1913, 103, 1632, who finds that under certain conditions alkyl- 
ation of this type of hydroxyl group may take place). (2) The 
resulting 8'hydroxy-2 : 3-dimethoxyxanthone is coloured, forms 
yellow solutions with alkalis, and possesses tinctorial properties 
similar to 8-hydroxy“2-m ethoxy x an thone (Herzig and Klimosch, 
loc. dt.) compare also Perkin and Everest, “The Natural Organic 
Colouring Matters,” p. 125). (3) Like euxanthone (Pfeiffer, Btr., 

1911, 44, 2653; compare also Herzig and Schonbach, Uonatth.^ 

1912, 33, 673), 2 : 3 : 8-trihydroxyxanthone reacts with stannic 
chloride, forming the compound, 


!■ JOH 


CO 


The corresponding tin compound is also obtained from 8-hydroxy- 
2: 3-dimethoxyxanthone. 2 :3-Dihydroxy-8-methoxyxanthoH0 gives 
quite unexpectedly the same substitution product aa 2:3:8-tri' 
hydroxyxanthone. 

2:3; 8-Trihydroxyx ant hone differs, however, in one way from 
euxanthone. It has been shown (Herzig, MonaUh,, 1891, 12, 161; 
1897, 18, 700; Herzig and Klimosch, ibid., 1909, 30, 527) that 
when euxanthone is methylated with diazomethane, 2*bydroxy'8- 
methoxyxanthone is formed, the 2 -hydroxy-group not heiDg 
susceptible to any form of m ethylation. This is not the case when 
2 : 3 : 8-trihydroxyxanthone is methylated with diazomethane, all 
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tJiree hydroxy-groups behaving in a similar manner, as previously 
shown {loc. dt.). Also 2 : S-dihydroxy-S-methoxyxanthone, when 
methylated with methyl sulphate, yields the trimethoxy-derivative, 
aa described above. 

S-Hydroxy-2:Z^imetkoxymnthone, prepared by the action of 
methyl sulphate (3^ mols.) on an alcoholic solution of the tri- 
hydroxy xanthone, crystallises from alcohol in faintly yellow 
needles, which melt and decompose at 228— 23P. It dissolves in 
dilute sodium, hydroxide with a yellow colour, and dyes calico 
mordanted with aluminium faintly. Biazomethane converts it 
quantitatively into the corresponding trimethoxyxanthone (m. p. 
195^) (Found: C = 66’0; E — 4'7; OMe=22‘8. Cj 5 ll ^203 requires 
C=66'2; H = 4‘4; OM6 = 22'8 per cent.). 

S-Acetoxy-2 : Z-dimethoxyxanthone, prepared in the usual 
manner, crystallises from alcohol in colourless needles, which melt 
and decompose at 224— 22 5^^ (Found: C-65-2; H^4'7. 
requires C = 65*0; H = 4'4 per cent.). 

Acti(m of Stmmc Chloride on 2\2>:d>-T7-ihydroxyxanthone. 

One gram of the trihydroxyxanthone dissolved in 75 c.c. of 
s-tetrachloroothane was heated with 2 grams of stannic chloride 
dissolved in 50 c.c. of the same solvent. The solution was kept 
at the boiling point for two hours, and the solid collected and. 
washed, at first with s-tetrachloroe thane and subsequently with 
benzene. Great care was taken to avoid the presence of moisture. 
The product was crystallised from 5 - tetrachloro ethane, from which 
it separated in deep red crystals. These did not melt below 330°, 
but darkened at about 285 — 290°. When dissolved in boiling 
pyridine, a red solution with a blue fluorescence is obtained. The 
compound is slowly decomposed by water at the ordinary tempera- 
ture; boiling greatly accelerates the decomposition. The analysis 
of this substance and of the other tin compounds was carried out 
according to the methods given by Pfeiffer [An'mlen, 1910, 376, 
344) (Found: Cl = 22-2; Sn = 25-5. CijH.OjCl^Sn requires 
Cl=22‘7; Su~25*4 per cent.). 


Action of Stcmnic Chloride on %-EydToxy-2:Z-dimethoxyxanthone. 

Five grams of the substance dissolved in benzene were heated 
with 4 grams of stannic chloride in 50 c.c. of benzene for two 
hours. The product was collected, washed with dry benzene, and 
thoroughly dried in a vacuum over phosphoric oxide. The sub- 
stance dissolves in pyridine with a pale orange colour; it is in- 
soluble in aloohol or benzene. W'ater decomposes it on keeping 
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and on boiling. The substance has no definite melting point, 
decomposing at about 311 — 325°. The yield was 7 8 grams 
(Found: C1 = 2T6, 21*2; Sn = 24’8, 24'6. Cj^ 5 Hij 05 Cl 3 Sn requires 
Cl=21'4; Sn = 24'0 per cent.). 

Actum of Stannic Chloride on 2:Z-Dihydrax]/’^-niethoxyxcmthone. 

When 1 gram of the monomethoxy-derivative dissolved in 
50 c.c. of j-tetrachloroethane is heated with 1 gram of stannic 
chloride in 50 o.c. of the same solvent, no precipitate is at first 
formed. After three-quarters of an hour’s heating, the substitu- 
tion product commences to appear, the reaction being completed in 
six hours. So far as it is possible to judge, the product is identical 
with that formed when 2 : 3 : 8-trihydroxyxanthone reacts with 
stannic chloride. For the analyses, two different preparations were 
used (Found: Cl = 22*6, 22’9] Sn-:25-9, 25‘7. Calc.: CU22'7; 
Sn = 25’4 per cent.). 

In view of these results, the compound previously described {kc. 
cit.) as 2:5: 8-triacetoxyxanthone is now considered to be 
2:3: 8-triacetoxyxanthone. 

We are indebted to the Colston Society of the University of 
Bristol for a grant which has covered the expenses of this research. 

Bio-Chemical Laboratory, Chemical Department, 

University of Bristol. 

[Received, June Ist, 1920.J 


LXXXVIII . — The Decomposition of Nitric Esters, 

By Robert Crosbie Farmer. 

In a recent paper on the decomposition of nitric esters by lime 
(this voh, p. 552), Lowry, Browning, and Farmery have expressed 
the view that the primary decomposition of nitric esters is not a 
hydrolysis, but a decomposition to aldehyde (Berthelot), possibly 
through an alcohol peroxide (Klason and Carlson). Their grounds 
for this belief are the almost complete absence of glycerol in the 
products of decomposition of glyceryl trinitrate (and of the corre- 
sponding alcohols in other cases) and the fact that this formula- 
tion would give, as the primary decomposition product of glyceryl 
trinitrate, the dialdehyde, CHO-CO'CHO, which would con- 
veniently account for many of the products which are actually 
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found to result. This mechanism of the decomposition of glyceryl 
trinitrate was previously suggested by Berl and Delpy (5cr., 1910, 
43 1421), who regarded it, however, as a secondary reaction pre- 
ceded by a hydrolysis. The latter view is so strongly supported 
])y experimental evidence that Lowry, Browning, and Farmery’s 
criticism of the views of Silberrad and Farmer (T., 1906, 89, 
1759) cannot be upheld. 

From the nature of the hydroxy-acids, etc., isolated by Silberrad 
riid Farmer (T., 1906, 89, 1182) and others, the intermediate 
■onnation of the above aldehyde, although hypothetical, is 
'■eadiiy conceivable. It does not, however, by any means follow 
that such aldehydes represent the initial stage of the decomposi- 
tion. If we go back to first principles, it is clear that the nitric 
group has oxygen to spare, whilst the carbon nucleus is ready to 
take up oxygen. When hydrolytic agents are added (acid or 
alkali), the structure is loosened, in accordance with the general 
behaviour of eaters; at the moment of splitting, however, the 
carbon nucleus is iu a condition so sensitive to oxidation that the 
alcohol and acid are not actually formed, or are formed only to a 
minor extent. This was clearly brought out by Silberrad and 
Farmer, who showed that, if once formed as complete molecules, 
they do not interact at the dilutions in question (although, as is 
well known, glycerol can be oxidised to aldehydes and ketones by 
nitric acid under suit-able conditions). The acid and alcohol 
groups must react, therefore, with the formation of oxida- 
tion products of the alcohol. This is tantamount to saying that 
the nitric acid in the moment of its formation oxidises the carbon 
nucleus. Beyond this, the rest of the process may well proceed 
as indicated by Lowry, Browning, and Farmery. 

The primary hydrolysis is in accordance with the universal 
behaviour of esters, and it would require much^ more than specu- 
lative evidence, to justify the view that nitric esters form an 
exception to the general rule. If some other form of primary 
decomposition did occur, it would at least appear inevitable t at 
hydrolysis should take place concurrently, and thus we are driven 
in any case to the conclusion that the nitric acid in the momen 
of formation oxidises the alcohol nucleus whenever the alcohol is 
not found as a product of the reaction. 

Uegeneratim of Alcohols from Nitric Esters. 

The basis of the argument against hydrolysis is that the alcohol 
is not ordinarily found as a product of the decomposi ion. 
view of this, it is somewhat surprising that Lowry, rowning, an 
Farmery claim to have shown that nitrocellulose brea s own 
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successive stages to cellulose trinitrate and dinitrate, for tins rroalii 
clearly imply that a normal hydrolysis of a nitric ester group can 
take place. No weight can, however, be attached to this, as it h 
clear from numerous investigations that no such definite stages 
can be isolated in the cellulose nitrates, and the approximate 
agreement of the nitrogen percentage is purely a^idental (com- 
pare for example. Will, Btr., 1891, 24 , 400). It has b^n sho»„ 
by Berl and Fodor (Zctsc/.. gu. Schim. u. Sprengstaffw., 1910, 
5 , 254, 269) that the partial decomposition by alkalis is of a much 

more complex nature. . . , • f n. 

Ample evidence is, however, obtainable in the case of other 
esters that the nitric group can undergo normal hydrolysis. The 
following evidence is based partly on acid hydrolysis an, part, 
on alkaline There appears to be no reason to differentiate, m 
principle, between these. The same products are obtained in both 
Les and as regards the velocity of hydrolysis it is shown later 
in the present work that the relationship between acid an 
alkaline hydrolysis of nitrocellulose is so closely in ^ord with 
that of other esters that it can scarcely be supposed that the one 
is hydrolytic without accepting this for the other. 

The data in the present paper refer mainly to the glycer)-, 
nitrates It is shown, in the first place, that glyceryl tnmtiate 
is hydrolysed by dilute nitric acid under suitable conditions to 
glycerol, according to the equation 

C3Hs(NOs)3 + 3H,0 = C3H, (011)3 + 3HNO, 

It is also shown that the hydrolysis of glyceryl dinitrate can take 
place with practically no reduction of the nitric acid and prac lo 
dly no formation of organic acids. It is already known tha 
methyl nitrate is hydrolysed to dimethyl ether by alkali, no internal 
oxidation taking place. It would be difficult to reconcile to 
with the primary formation of an aldehyde. ^ 

In most cases, hydrolysis is accompanied by much mleina, 
oxidation, but this can be cvercome in various ways, ihns m 
normal hydrolysis of the nitric group, 

R-N 03 + H 2 O = R-OH + HNO 3 , 

becomes the main reaction whenever the conditions are such that 
either the oxidising action of the nitric acid is suppressed 
alcohol is rendered immune against oxidaton. 

.Suppressian of the Oxidising Actim of the Nitnc Aod. 

(a) By Reducing Agents.-ln the presence of thw, the mW 
grip cinnot oxidise the alcohol, and in this case the »koh 
form^ just as in a normal hydrolysis. This is well known 
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case of sulphides (Bloxam, Chem, New^i, 1883, 47, 169), and was 
shown by Klasoii and Carlson (Bet'., 1906, 39, 2759; 1907, 40, 
4183 4191) to hold also for alkaline hydrolysis in the presence of 
phenyl mercaptan or hydrogen peroxide. Gntmanii (Ber., 1908, 
41 2052) showed that sodium arsenite acted similarly. Briihl 
Hi\ previously formulated nitric acid and its esters as derivatives 
f hydrogen peroxide on the basis of sped roi net ric measurements 
5cr.. 1898, 31, 1350), and Klason and Carlson assumed that these 
stei’s were hydrolysed to hypothetical alcohol peroxides, which 
rere then reduced to the alcohols. This is a totally unnecessary 
Lssuniption; their work simply shows that when a reducing agent 
s present to remove the nascent nitric acid, the normal hydrolysis 
)ccurs. The action of hydrogen peroxide seems, indeed, rather 
ncompatihle with the assumption of a peroxide, as it is scarcely 
ikely that hydrogen peroxide would react with a derivative of 
tself in the manner indicated. Cambi (Attl R. Accad. Lincei, 
I999j b 301) has opposed the peroxide fonnula of nitric 

acid and its esters. He points out, for instance, that the quanti- 
tative oxidation of nitrous to nitric acid by permanganate is not 
ill accordance with this formulation , 

(6) Btj Sulpkitric AcM . — In the presence of sulphuric acid of 
moderate strength, the oxidising action of nitric acid is decreased, 
as is commonly experienced in its action on toluene, etc. If, 
therefore, nitroglycerin is hydrolysed with 70 per cent, sulphuric 
acid, the nitric acid does not attack the organic residue to any 
great extent, and glyceryl diiiitrate is formed in good yield 
(D.R.-P. 175751). Similarly, glyceryl dinitrate is hydrolysed by 
JO per cent, sulphuric acid to glyceryl mononitrate and glycerol 
(Will, Ber., 1908, 41, 1107). 


Frotection of the Alcohol from Ovulation. 

(a) By Continuous Ahstraction as GlyceropJmphonc Arid.— It 
shown in the present work that if glyceryl trinitrate is hydro, 
'sed by phosphoric acid, the glycerol is converted to glycero- 
hosphoric acid, and is thus protected from the oxidising action 
E the nitric acid. The intermediate formation of an alcohol 
eroxide or aldehyde appears in this case to be excluded, 

{h) By the Fresence of further Aitrk Wraups.-When the 
Icohol contains further nitiic groups, it is lesi suscepti e o 
xidation than in the absence of such groups, ^ In accordance wi 
his, one of the nitric groups of glyceryl trinitrate can be rea i y 
ydrolysed to the alcohol group. Thus, if we represent t e gioup 
CH 2 ‘N 03 ) 2 CH» by R, the decomposition takes the form ot a 
loriual hydrolysis, R'NOg + K.O =R*OH + HNOj, This holds bo 
VOL, cxvn. ^ ^ 
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for acid and alkaline hydrolysis j thus it is shown in the present 
work that hydrolysis of glyceryl trinitrate by dilute nitric acid 
yields glyceryl dinitrate, and Berl and Delpy 1910, 43 

1421) have found the same reaction to take place in the presence 
of alkalis. Lowry, Browning, and Farmery have conceded that 
such partial hydrolysis can occur, and it appears strange that with 
such distinct evidence of the normal hydrolysis of a nitric ester 
group they should still refuse to recognise this as the first statre 
in the decomposition. 

It is seen, therefore, that whenever the alcohol is protected hr 
any means from oxidation, it is readily obtained as a product 01 
the decomposition. It would be difficult to explain these result: 
in any other way than that the primary reaction is a hydrolysis. 
This aspect is in no way contrary to the experimental evidence of 
Lowry, Browning, and Farmery. On the other hand, it is ic 
complete accord with the general nature of the decomposition oi 
nitrocellulose, etc. The whole experience of the behaviour of these 
esters on storage and in climatic trials (see Silberrad and Fanner, 
/. Soc. Chem. Ind., 1906, 25, 961) leaves no doubt that the 
decomposition is hydrolytic in nature. 

Not only is the hydrolysis brought about by the same agencies 
as in the case of other esters (hydrogen and hydroxyl ions), hut 
the relative velocities are of the order that would be expected for 
ester hydrolysis. When alkali is added to nitrocellulose, a 
moderately rapid hydrolysis occurs. The velocity decreases as tk 
alkali is neutralised. When the solution becomes neutral, the 
hydrolysis becomes very slow, but does not cease entirely, owin® 
to the slight ionisation of the water. Thus the solution gradual!}’ 
becomes acid, and the velocity again increases, but is very mucli 
less for the hydrogen ions than for hydroxyl ions, namely, in the 
ratio of 1 to 480 (Silberrad and Fanner, T., 1906, 69 , 17591. 
The relative velocities of hydrolysis of esters by acids and alkalis 
Vary somewhat considerably, but the general relationship may he 
seen from the aliphatic esters examined by de Heinptimie 
(ZeiUch, 'phyd'kal. Chem., 1892, 13 , 493). The following tahk 
shows the velocity constants at 25°: 



Alkali, 

Acid, 

Ratio. 

Methyl acetate ........ 

... 9-66 

0-00659 

1466 

Ethyl acetate 

... 6'38 

0-00682 

935 

Propyl acetate 

... 5*31 

0-00671 

791 

Ethyl propionate 

... .'i’61 

0-00727 

772 

Ethyl butyrate 

... 3-39 

0-00417 

813 


Thus the ratio found for nitrocellulose appears quite reasonable 
considering that the hydrolysis is abnormal in nature. 

In the figure is shown the course of the hydrolysis of nitro- 
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cellulose in the neighbourhood of the minimum velocity, which is 
seen to occur slightly on the acid side of the neutral point. The 
course of the hydrolysis is so characteristic of that of esters that 
this forms a distinct confirmation of the view that hydrolysis is 
the primary reaction, both in the presence of acids and of alkalis. 

A knowledge of the hydrolytic behaviour of nitric esters has a 
close bearing on the action of stabilisers,’' which are added to 
explosives (compare Marshall, '"Explosives," 1917, p. 640). The 
idea of adding alkalis to neutralise the acid formed was advocated 
as early as 1849 (Maurey, Compt. rend., 1849, 28, 343), and 
followed up by Abel {Phil. Trans., 1867, 181). It was at first 
thought that strong alkalis were beneficial to the stability, but 
it was gradually found that any benefit which these conferred bv 
removing free acid was outweighed by the decomposition to which 
they themselves gave rise (Kerckhoff, J. pr. Chem., 1847, 40, 284; 
Vohl, Dinpl. poh/t. J., 1849, 112, 236 ; Hadow, T., 1854, 7,' 201; 
Bechamp, Compt. rend., 1855, 41, 817; Ann. Chim. Phps.,' 

[in], 46, 338; Will, Ber., 1891, 24. 400; Maqueune, Ann, Chim. 
Fhps,, 1891, [vi], 24, 522; Vignon, Comjyt. rend., 1898, 127, 872; 
Bull. Soc. chim., 1903, [iii], 29, 507; Ncf, Annakn, 309 , 
181; Lunge, Zeitseh. angew. Chem., 1901, 14, 578), 

Guttmann, on finding that the prolongation of the heat test by 
alkalis was largely due to "masking" (./. Soc. Chem. Ind-., 1897, 
16, 283), went to the other extreme, and contended against Simon- 
Thomas that all alkalis were harmful {Zeitsch. antjew. Chem., 
1897, 10, 233, 265; 1898, 11, 1003, 1103; 1899, 12, 55). The 
behaviour of nitrocellulose, as shown in the figure (p. 817), indicates 
that neither of these views is correct. The aim of a stabiliser must 
be to maintain the concentration of hydrogen ions as near as 
possible to the point of minimum velocity. In practice, this is 
effected by using such substances as calcium carbonate for the 
preservation of wet guncotton. Similarly, the salts of numerous 
organic acids have been used to stabilise pyroxylin (compare 
Worden, "Nitrocellulose Industry," p. 598). 

N on-hydrolytic Decomponiio-n of Citric Esters. 

Although, as indicated above, hydrolysis is the predominating 
action in presence of water, nitric esters can also undergo other 
of decomposition. For the sake of completeness, these 
should he briefly referred to. They include both catalytic and 
non-catalytic reactions. 

The non-catalytic decomposition of nitrocellulose is best 
observed by heating in a vacuum or in a current of dry carbon 
dioxide (Will’s test). Under these conditions, volatile catalysts are 
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removed continuously, and Will has shown {ZdUch. angew. Chew.., 
1901, 14 , 743, 774) that if the guncotton is completely purifiKl 
from substances that would give rise to non-volatile catalysts, such 
as sulphuric esters, it reaches a limit state, in which the rate of 
decomposition sinks to a constant iriinimum for a given degree of 
nitration. This has been confirmed by Robertson (J. Soc. Cheni. 
Ind., 1902, 21, 819), and a similar behaviour has been observed 
by Robertson for nitroglycerin (T., 1909, 95 , 1241). Measure- 
ments in a vacuum give similar results. 

This non-catalytic decomposition is extremely slow at ordinary 
temperatures. Extrapolation shows that at 25® the velocity of 
evolution of nitrogen from guncotton is approximately 0-00125 
milligram per gram per year. In other words, the half-life period 
of guncotton, if we exclude all catalytic influences, is about 70.000 
years (that is, the time necessary for the guncotton to lose half 
its nitrogen, assuming that the rate of loss is maintained). 

Apart" from the above, a catalytic decomposition can also occiir 
in presence of nitric peroxide. This has been studied mainly in 
the case of nitrocellulose. It takes place iu absence of moisture 
and accelerates itself autocatalytically. It consists of an internal 
oxidation of the nitric ester, aided by atmospheric oxygen, whicli 
re-oxidises nitric oxide evolved by the nitrocellulose to nitric 
peroxide. This is absorbed by the nitrocellulose, and causes 
further decomposition. 

Just in the same way as weak alkalis can be added to protect 
nitric esters from acid hydrolysis, the catalytic decomposition due 
to nitric peroxide can be combated by the addition of substances 
which react with nitric peroxide, such as amines, etc. The analogy 
extends, however, further than this; for in the same way that tk 
acid hydrolysis has its counterpart in a much more rapid alkaline 
hydrolysis, so also the nitric peroxide catalysis has its counterpart 
in a much more rapid action of amines (aminolysis). It was 
thought originally (Hoitsema, Zeitsch. angeir. Ckem-., 1899, 12. 
705) that amines in general might be added with advantage to 
take up the nitric peroxide, and so act as stabilisers. It is now 
known that only very weak bases are permissible; aniline, for 
instance, is much too strong. Diphenylamine is used in many 
countries with success as a stabiliser of nitrocellulose propellan s, 
and various other weak bases, such as carbamide, dipheiiyda* 
methylcarbamide centralite ''), diphenyldiethylcariiamik 

(Claessen, D.R.-P. 909546), nitroguanidine (Flemming, ZcHscl 
angew, Ckem., 1898, 11 , 1053), and many others, have bee 
proposed. The action of amines of the aniline type is 
more rapid than can Im accounted for by the direct hydro y&n 
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to the hydroxyl ions, thus showing it to bo an entirely different 
type of reaction. 

It should be possible to construct a diagram analogous to that 
given on p. 817 showing the rate of action of nitric “peroxide on 
the one hand (corresponding with acid hydrolysis), and of amines 
on the other (corresponding with alkaline hydrolysis), Unfortn 
uately, the data necessary for calculating the point of minimum 
■‘aminolysis^’ are not available, bnt a rough idea of this point 
can be obtained from the following comparison; 


Base. 
Benzyl amine .... 

Aniline 

Methylaniline . 
Diphenyl amine . 
Carbamide 


Affinity Action on 

constant (25°). nitrocellulose. 

5-0 * 10 Inflamed in a tew minutes. 

2-5 . 10“^'^ Rapid action. 

■ In-u P^'obably retard decomposition. 


Instead of the affinity consianis, it would ]n-obably be more 
correct to take the ‘^aininolytic" constants, as determined, for 
instance, by Goldschmidt and Salcher’s method (Zeihrh phmihi) 
CAm., 1899, 29, 89). 


E X P E n I M E N T A L . 

Hydrolysis of yitroylyverm by Nitric Acui 

Six grams of nitroglycerin were warmed on a water-bath with 
4u0 c.c. of 0‘2:V-nitric acid until all the nitroglycerin had dis- 
appeared. A small quantity of dissolved niiroglyceriu was extracted 
with ether. After neutralising the aqueous solution with calcium 
carbonate, flltering, and evaporating, the residue was extracted 
with acetone. The acetone gave on evaporation a. residue contain- 
ing no nitrogen, and consisting of glycerol, which was identified 
by conversion to acrolein, by the boric acid lest, and by the colour 
reaction with pyrogallol. It was further converted to glyceryl 
tribenzoate (m. p. 70°). Oxalic acid was detected by conversion 
to calcium oxalate and microscopic examination of its crystals, 
also by the pennanganate test, Distillation of the acidified filtrate 
showed the pre^sence of volatile acids, The distil laie reduced silver 
nitrate and mercuric chloride (formic acid). After elimination of 
Ihe formic acid by mercuric chloride, the filtrate gave a precipitate 
on boiling with ferric chloride (probably acetic acid). The solution 
gave a red colour with Schiff's reagent, but gave no precipitate 
phenylhydrazine. 

l^artial ifydrolysu of Ni iroylyccnn- U'ifh Nitric Ac>d. 
br this case, the same quantities were used, but the hydrolysis 
^v’as interrupted when about two -thirds of the nitroglycerin had 
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disappeared. The aqueous layer was separated and extracted with 
ether The residue obtained on evaporation of the ether was 
purified by dissolving in a limited quantity of water and removing 
the residual oil. The aqueous solution was again extracted with 
ether, and the ether evaporated. The residue contained N = U-65, 
whilst glyceryl dinitrate requires N = 15'39 per cent. ; the product 
must therefore have retained some mononitrate, which is difficult 
to separate completely from the dinitrate. It was bemoylated 
with some difficnlty, and the bensoyl derivative melted at 63“ and 
contained N=-10 03. The quantity was insufficient for further 
purification, but the substance was evidently the benzoyl deriv- 
ative of glyceryl aa'-dinitrate, which in the pure state melts at 
67° and contains N = 9'79 per cent. Glyceryl mononitrate was 
obtained only in small quantity and in an impure state. 

Hydrolysis of Nitroglycerin hy Phosphoric AciA. 

The solution obtained on hydrolysis was neutralised with lime, 
and filtered from the calcium phosphate which separated. The 
filtrate yielded on evaporation a syrup, which contained calcimn 
nitrate and also a soluble calcium salt, from which phosphoric 
acid and glycerol were obtained. It appears, therefore, to be the 
calcium salt of glycerophosphoric acid. Further exam.uat.ou o 
the products of tte hydrolysis showed that oxalic acid was absent 
and formic acid was present only in very small quantity 
Practically no oxidation of the glycerol took place. 


Jlydrolyns of Ghjceryl Dinitrate. 

Tn order to ascertain whether the hydrolysis was accomp 
by reduction of the nitric acid, a solution of glyceryl dm, irate ,n 
nLic acid was maintained at 80°. Separate bottles, each cou- 
taininw 50 c.c. of solution, were used, and these were withdraw a 
at intervals and a portion titrated. ^ To ascertain whether reduc- 
tion of the nitric acid occurred, estimations of nitrous am 
also made. 


Concentration of Qlyceryl Om;f™te = 0'060. 


Concentration 

Time of acid Nitrous acid 
(hours), (gr, equiv.). (mgr.). 

_ 0-200 0-00418 

' 4 0-211 ~ 

8 0-221 — 

12 0-282 — 

16 0-243 — 

20 0-245 — 


Concentration 
Time of acid 
(hours), (gr. equiv.). 
28 0-264 

36 0-275 

44 0-278 

1 66 0-302 

114 0-312 


Kit rocs acid 

(Ttier.). 

0-0028 

0-0021 

0-0084 

0-0135 



taesiEBr: the decomposition oe nitric esters. 815 


The increase in Uae acidity corresponds witk the decomposition 
of 93 per cent, of the glyceryl dinitrate to glycerol and nitric acid. 
Very little reduction of nitric acid occurred, as shown by the low 
proportion of nitrous acid. 

In order to ascertain whether the solution contained any acids 
other than nitric acid, it was extracted with ether to remove un- 
changed glyceryl dinitrate, and then subjected to reduction. The 
ammonia was estimated and recalculated to nitric acid. Oxalic 
and formic acid were also tested for. 


Nitric acid (NHg method) 

Original 
(gr. eqiiiv.). 
0-1978 

After 114 hours 
(gr. equiv.). 
0-3005 

Formic acid 


0-0056 

Oxalic acid 



Total 

~ 

0-3061 

Total acid by titration 

0-2000 

0-3124 


Any other organic acids must thus form less than 2 per cent, 
of the total add present. 

Formic and OxaUc Add^ in Hydrolysis of Cordite. 

Several methods were tried for the estimation of formic acid, 
and the following method was found to he the best. The solution 
containing formic acid is boiled with a known amount of silver 
nitrate in the presence of barium carbonate for two hours j excess 
of standard ammonium thiocyanate solution is then added and the 
misture allowed to remain for ten minutes. The solution is 
filtered, and the excess of thiocyanate estimated in the filtrate by 
silver nitrate solution. A control test is carried out simultaneously . 
Tests on known small quantities of formic acid gave satisfactory 
results. 

For the estimations on cordite, oO grams of the ground cordite 
were extracted with 100 c.c. of water for two hours on a steam- 
bath. After filtration and washing, the solntioii was extracted 
with ether, neutralised, and evaporated to a small bulk. It was 
then rendered slightly acid with nitric acid and warmed. 
Ammonia ‘was added in slight excess and the solution filtered. 
Calcinm nitrate was added and the liquid allowed to remain over- 
iiight. Any calcium oxalate w’as filtered oS, dissolved in sulphuric 
I’Cid, and estimated by permanganate. The filtrate was acidified 
slightly with sulphuric acid and distilled to recover the formic 
acid, which was then estimated as above. It was found by separate 
experiments that no formic acid was destroyed by the nitric acid 
present. 
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Cordite. 

Formic acid 
(per cent.). 

Oxalic acid 
(per cent.). 

(a) 

0-0068 

0-0022 

(M 

0-0048 

0-0019 


0-030 

— 

[d] 

0-037 



0-0039 


(a) After six months^ at 46° in a wet atmos- 
phere 

0-0108 

0-0115 

(fl) After approx. 500 hours at 80° 

0-0287 

0-239 


Minimum Velocity of Hydrolysis of Guncotton, 

If tlie concentration of hydrogen and hydroxyl ions be repre- 
sented by H and OH, and the velocity -coefficients for acid and 
alkaline hydrolysis by and Co respectively, the minimum velocitv 

will be reached when d (C|H -f CoO H) - 0 or = 0, where 

K is the water constant H x OH. 


Now £;(c,h + = Cj<jn - = 


Experiment shows that the hydrolysis continues to take place 
through the neutral point, the alkalinity disappearing and acidity 
being developed; hence dH never becomes equal to zero. From 

this it follows that = 5?. 

O2 H 

The concentrations at the point of minimum velocity are given ty 

Data for the velocity-constants are given by Silberrad and 
Fanner (T,, 1906, 89, 1759). The total velocity of hydrolysis is 
made up of the sum of the velocities due to hydrogen and hydroxyl 
ions. The following table shows the velocities in the neighbour- 
hood of the minimum point. 


Velocities of Hydrolysis of Guncotton at Low (Jon-centratiQm oj 
Hydrogen Ions. {Hquivalent per litre per hour. At 37'8°) 


Velocity. 


H-ions 

OH-ions 





s. 

cone. 

cone. 

Dub to H-ions. 

Due to OH- ions. 

Total. 

(lO-^) 

(10'») 

(10-») 

(10-®) 

ao-«' 

0-5 

58-0 

0-44 

24-00 

24-44 

1-0 

29-0 

0-87 

12-00 

12-87 

2-0 

14-5 

1-74 

6-00 

7-74 

3-0 

9-7 

2-61 

4-00 

6-61 

3-7 

7-8 

3-25 

3-25 

6-50 

5-0 

5-8 

4-35 

2-40 

C-7o 

10-0 

2-9 

8-70 

1-20 

9-90 

20-0 

1-45 

17-40 

0-60 

iS-00 


The course of the hydrolysis is shown in the figure, The 
minimum velocity is seen to lie distinctly on the acid side 01 the 
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neutral point. The acidity is comparable with that of a 
Q LV-solution of phenol. 

Oecomposition of Nitrocellulose m the Presence of Amines. 

To illustrate the decomposing action of organic bases as com- 
pared with alkaline salts, the following examples may be given. 
Fifty grams of nitrocellulose were enclosed in a vessel of 100 c.c. 
capacity, and the alteration of gas volume was measured by a gas 


Ydo^y of hydrolysis of nitrocdlulose at 37'8“ {equivalent per litre per hour). 



burette at the ordinary temperature (mean = 16^). The contrac- 
tion is due to the formation of nitric oxide, which absorbs oxygen 
from the air. In each case, 5 per cent, of admixture was taken. 


Alteration in Gas Volume at 16° (c.c. corr.). 

Days. 2-7. 4-6. 7*0. 12. 18. 20. 33. 

Sodium carbonate — +0-15 +0-10 -O'Oo -0-10 -0-26 -0-35 

Methylaniliue ... _4-6 -dCo - 6-80 -8'30 -9-90 -10-4o -11-85 

The nitrcxiellulose itself showed only a very slight contraction. 
When it was mixed with diplienylamine, the contraction was also 
very slight. On attempting to make measurements with henzyl- 
aminc, the decomposition was so rapid that the nitrocellulose 

inflamed in a few minutes. j • u 

Affinity Constant of Dtp/jenyf amine. —This did not lend itsel 
to the ordinary methods of determination, but can be dedu 
from the solubility of diphenylamine in water and in acid. 

Gram Gram-molecule 

per litre, per litre 

A 0-0462 0-0002734 

Solubility in water at 25° ^ 0’0474 0-0002805 

„ „ 0-2UiV-HClat25° Q-0855 0-000507 

H H 
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TKe canoentration of hydrogen ions in O’ 21 lA' -hydrochloric acid 
is 0*192. Assuming the dipheuylamine hydrochloride at the aljove 
high dilution to be completely ionised, the hydrolytic constant 
acid X base 0-1917 x 0’000277 _ A.oqn 
"laif" " ■ 0-0002^' 

and the affinity constant of the free base is equal to 5’2xl0'n 
taking the ionisation of water as 1’09 x 10“^ 

Summary. 

The different forms of decomposition of nitric esters can 
classified as follows : 

(1) Decomposition of the pure ester. 

(2) Accelerated decomposition. 

(ft) Hydrolysis (followed by internal oxidation) : 

(i) by acids (slow but autocatalytically accelerated); 

(ii) by alkalis (relatively rapid). 

(6) Internal oxidation in absence of water: 

(i) by nitric peroxide (slow but autocatalytically 
accelerated) ; 

(ii) by amines, etc. (relatively rapid). 

The hydrolytic decomposition passes through the following 
phases : 

(i) Incipient ester hydrolysis. 

(ii) Internal oxidation, possibly to an alcohol peroxide 
(although this is speculative). 

(iii) .Formation of an aldehyde. 

(iv) Decomposition to hydroxy-acids. 

When the conditions are such that the alcohol is protected from 
oxidation, it is readily regenerated as such on hydrolysis, thus 
showing that the first stage in the decomposition is a true ester 
hydrolysis of the normal type. The hydrolysis is shown to 
resemble that of other esters in its general relationship between 
velocity and concentration of hydrogen or hydroxyl ions, and the 
bearing of this relationship on the stabilisation of nitric esters is 
shown. 

The authors thanks are due to Mr. H. J. Merriniau for per- 
mission to include experiments on nitroglycerin and cordite, and 
to the Director of Artillery for his sanction for the publication oi 
the work. 


Research Department, 
Royal Arsenal, 
Woolwich. 


[Received, May 1920.] 
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The Chemical Mechanism of Organic Rearrangements. 

Abtudr Michael (/. imer. Chem. Sac., 1920, 42 , 787- 821) -- 
A theoretical paper dealing with rearrangement as determined by 
the af&niby, energy, and spatial relationships of the atoms involved, 
tiitramoleoular rearrangements are determined by the free chemical 
energy at the interchanging atoms or groups, their affinity lor 
each other and for the atoms in the groups to which they migrate, 
the amount of energy rec^uired to separate the migrating portion 
from the remaining atoms of the group, and the heats of form- 
ation of the isomerides or the two products. In a heterogeneous 
chemical system, change in chemical structure of a compound may 
be due to catalytic influence or to chemical action of the energy in 
the reagent employed, involving loss of a component part of the 
compound and subsequent isomerisation of the residual structure. 
A polymolecule may be produced by union of the compound 
with the reagent, when, owing to the chemical energy so added, 
isomerisation in the compound portion of the ]Droduct takes place, 
resulting in partial conversion of its free energy into hound energy 
and heat, and subsequent decomposition of the system into the 
isomerised product and the reagent. These considerations are 
applied to critical reviews, which do not lend themselves to abstrac- 
tion, of the various hypotheses proposed in explanation of the 
Hofmann conversion of bromoamides into primary amines, the 
rearrangements of aliphatic and aromatic -glycols under the 
influence of acid, the pinacolin change, the rearrangements of aryl 
iodohydrins, and the formation of beuzilic acid from benzil. A 
general consideration is also given of the production of inter- 
mediate products ill such reactions. In regard to the question as 
to whether elimination of groups of atoms, for example, hydrogen 
and bromine from ethyl bromide, takes place from the same carbon 
atom or from more than one, it is concluded that, generally speak- 
ing, the former is of rare occurrence, because the latter usually 
results in a greater increase in entropy. J. K. 

Oxidative Decomposition of Hydrocarbons. H. Heinrich 

T^Ranck {Chem. Zeit., 1920, 44 , 309- -310).— Aliphatic hydro- 
arbons of high molecular weight, such as paraffin oils and waxes, 
.re oxidised to carboxylic acids and other oxidation products when 
tecomposed by heat in the presence of oxygen and a catalyst. By 
'arying the conditions of the oxidation, diflferpit proportions of 
mlatile and non-volatile fatty acids may be obtained. Good results 
ire obtained by the use of compounds of lead, mercury, manganese, 
vanadium, and chromium as catalysts, whilst alkalis and alkaline 
Ja.rths may also be used. In practice, good yields of fatty acids, 
ranging from acetic to arachidic acid, may be obtained by heating 
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paraffin wax in an autoclave at 150^^ in the PJf t>xygei, 

and 0-5 to 5 % of caUlyst, although eventually, the oxiditiOii Hiav 
also be effected without a catalyst. The resdlUh^ fatty acids were 
separated by converting them into esters, Which were iractionally 
distilled The product obtained from an expressed paraffin-wax 
residue yielded 57 - 1 % of fatty acids of lower molecular weight ana 
40 '7% of acids of higher molecular weight, and contained nii- 
saponiffable matter, from which a ketone melting at 46-50^ 
probably a mixture of stearone with other ketones, was separated, 
All edible fat resembling coconut oil was prepared by esterifying 
the mixed fatty acids thus obtained with ethylene g yeol and 3% of 
sulphuric acid. [See, further, J. .hoc. them. Ind., 1920^ 395a^^ 

Brodie’s Myricyl Alcohol, Albert Gasoard {Compt. retid,, 
1920 170, 886 888 ). — Brodie attributed to the myricyl alcolol 
obtained from beeswax the formula C,(|Hf,]‘OH. The author has 
iirepared this alcohol and the corresponding iodide and from 
careful analyses of the latter, and by preparation of the cnrre 
spondini' saturated hydrocarbon and comparison of the properties 
of the alcohol and its derivatives with known compounds in a near 
position in the same series, he concludes that myricyl alcohol has 
the formula Finally, from laccenc [dotna<»ntano,c 

acid, C„He,-CO.,H (A., 1914, i, 1045), he has prepared niyncyl 
alcohol by degradation, and from myricyl alcohol, by ooiiven.]™ 
into the cyanide and hydrolysis, obtained lacceroic acid. ^ 

The Equation of State of Ethyl Ether. E. Aaik. {Compt. 
rend 19’0 170 871— 875).— By the use of equations already 

established, the author has calculated the saturated vapour pressures 
and the differences of the molecular volumes of the saturated hiinl 
for ethyl ether tor each 10“ from -10° to 190° ai^ his results are 
in fairly close agreement with those obtained by Young finals, 
he finds for the heat of vaporisation of ethyl ether at 30 the wine 
85-63 cal, the value given by Young being 8b’18 cal. \N . 7 . 

The Decomposition of Nitric Esters by Lime. 

Martin Lowry, Kendall Colin Browning, and Joshua Y illiaj 
Farmery (T., 1920, 117, 552 561). 

Action of the Normal Methyl and Ethyl Sulphates on 
AlkaU Phosphates in Aqueous ® 

(Compt. rend., 1920, 170, 1061-1064) -Methyl sulphate ead 
with an aqueous solution of tnsodium phosphate S"'® , 7 

disodium methyl phosphate and 6;2% of sodium d-e%l^pb» 
phate, the former being converted into its barium salt 
readily be isolated. With ethyl sulphate, the yie .. .linWIv 
ethyl phosphate is much lower and of the diethyl f (j; 

higher. If disodium hydrogen phosphate is used in pU 
trisodium salt, the total yield of the esters is lower, and sod.« 
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dibydrogen phosphate or phosphoric acid docs not react in aqueous 
solution with methyl or ethyl sulphate. W. G 

The Constitution oi the Glycerophosphoric Acids. Octatk 

Bailly {BulL Soc. ckim,, hiol, 1919, 1, 152— 162).— By decom- 
position of banum glycerophosphate, obtained from lecithin with 
sodium carbonate in_ aqueous solution, a solution of sodium glycero- 
phosphate was obtained, which was separated into two fractions, 
one crystalline and the other non-crystalline. 

The non-crystalline fraction gave a calcium salt, which yielded 
on oxidation with bromine water evidence of the formation of an 
ether of dihydroxy acetone. This points to the calcium salt being 
a salt of a-glycerophosphoric acid. The crystalline sodium salt 
appears to be a derivative of the i3-acid. Therefore the glycero- 
phosphoric acid obtained by the hydrolysis of lecithin is a mixture 
of the two isomerides. J. C D 

Action of Water on /3/3'-Dichiorodiethyl Sulphide. Ch. 

Boulin and L, J. Simon {Compt. rend., 1920, 170, 845—848).— 
6^^-Dichlorodiethyl sulphide is slowly decomposed by cold water 
and rapidly by boiling water, giving hydrochloric acid and dihydr- 
oxy diethyl sulphide. The reaction is an equilibrium phenomenon, 
and is considerably influenced by the temperature and the relative 
proportions of dichlorodiethyi sulphide and water used. Both 
acids and alkalis exert a retarding influence on the decomposition. 

The solubility of dichlorodiethyi sulphide in cold water is 
0'48 gram per litre. It is inci*eased by the presence of dihydroxy- 
diethyl sulphide. The presence of the latter in small amounts also 
accelerates the decomposition of dichlorodiethyi sulphide, but as its 
concentration increases, the velocity of decomposition decreases, ' 

W. G. 

Sulphur Derivatives of Butyl Alcohol. H. leB. Gray 

and GuRNEiY 0. Gutekunst {J. Amer. Chem. Soc., 1920, 42, 
856 —860). — Dibutyl sulphide is best prepared by boiling aqueous 
solutions of sodium butyl sulphate and sodium sulphide in a reflux 
apparatus, and subsequently distilling ; if the mixture is distilled 
without previous boiling, butyl mercaptan is also produced. The 
iriethod of oxidation of the sulphide to the sulphone by nitric acid, 
recommended by Grabowsky (1874), is untrustworthy, but excellent 
results are obtained by the use of sodium permanganate in neutral 
solution. J. K. 

Catalytic Decomposition of Fatty Acids by Carbon. J. B. 

Senderens and J. Aboulenc [Compt. rend., 1920, 170, 
1064—1067). — When acetic acid or its liomologues are passed over 
purified animal charcoal at 360—380°, the acids are decomposed, 
giving a mixture of carbon dioxide, ethylenic hydrocarbons, carbon 
uionoxide, methane and its homologues, and hydrogen, together 
with water and small amounts of ketones and aldehydes. IVith 
oarbon from su6:ar. a considerably higher temperature is necessary, 
^ut the products are much the same. W- 

r 2 
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Remarkable Similarity in the Form of CrysWs an^ 
IVlicrobes. Arminius Bau i^Zeitsch* t&chii, Biol., 1919, 7, w03— 21IS‘ 
from Chem. ZeMr., 1920, i, 495).— With the aid of microphoto- 
graphs (magniacation, 1000 times), the author describes crystals oi 
Llcium oxalate which differ from the usual crystals m such a 
manlier that they can easily be mistaken for Sacchammijcefe^ oj 
rod-like bacteria. The crystals are obtained by precipitation of 
solutions containing oxalic acid with calcium acetate, and may 
readily be distinguished from living matter by their ready soh. 
hility in moderately dilute hydrochloric, nitnc, or sulphury ml 

Preparation of Fat and Wax-like Substances. Faebks- 
fabeiken vorm. Feiedr. Bayer & Co. (D.R.-P. 318222; from 
Chem Zentr., 1920, ii, 536).— Adipic acid or its derivatives or 
homologues is esterified with dihydroxy lated hydrocarbons or their 
derivatives. Glycijl cuHixite is obtained as a tallow-like mass v/heu 
adipyl chloride dissolved in pinacolin is treated with a solution of 
ethylene glycol and pyridine in the same solvent; the ester may also 
be prepared from ethylene dihrornide and potassium adipate, 
Gl Jul a-methyladipate, brown, waxy mass, is obtained from 
ethylene oxide and a methyladipic acid. FropyUneffyajl adiyait, 
from propylene iodide and potassium adipate, resembles kitter. 


The Supposed Methanetetracarboxylic Acid. Eyyixd 
BfEDTKER {Bull, Soc, cUm., 1920, [iv], 27, 257— 258).— The suh- 
stance previously described as methanetetracarboxylic acid (com- 
pare A., 1916, i, 2) is now shown to be ammonium tetraoxalate. 


Preparation of Glyoxal. Alexander Bossrard (Bnt. Pat. 
140478 ) _-\Vben ozone acts on acetylene in presence of a large 
proportion of air, oxygen, or other indifferent gas, the read™ 
LaL to be violent in character and results in the P™anet ou oj 
rivoxal Proportions which have been found successful are 1-- . 
o/ozone, 3^ 4% of acetylene, and 94-96% of air. The proce^ > 
facilitated by the presence of water vapour or the use ol a «atei 
5 “ rely the glyoxalls washed out of the gaseous nnxdare 
and separates as a concentrated solution. 

Experiments on the Preparation o! Oximino-derivatives. 

William Kershaw Slater (T., 1920, 117, 587— o91). 

Glucal and its Conversion into HrLm 

Dextrose Series. Emil Fischer, Max Bergmans, and Hi 

K”. (t, »'2o, 5A ["I,, 'rsai 

glucal and its derivatives (A., 1913, i, 44o; 1914, i, % 
authors to assign the formula 

OH-CHo-CH(OH)*C^H(0^;^CH 
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to tb.e parent substance, far the following reasons. Glucal tri- 
acetate can be convert^ into ff-glucosephenylosazone, thus show- 
ing that gluc^ contains the normal carbon chain present in 
dextrose, and also that a saturated carbon atom uii attached to 
oKygen is not present. The transformation of glucal ti’iacetate into 
^/-arabinose by means of ozone proves the double bond to be between 
the first and second atoms of the carbon chain. The presence of 
the furan ring accounts for the colour reaction with a pine shaviin^ 
and the observed individuality of one of the acetyl groups of glucal 
triacetate. Only three oxygen atoms of hydroglucal are present in 
hydroxyl groups, and the stability of the substance towards hydro- 
chloric acid renders the presence of an ethylene or trim ethylene 
ixide ring improbable. The location of the tetramethylene riiia in 
he glucal molecule is deduced from the smooth conversion of glucal 
jiacetato into a derivative of dextrose, and from the proof that 
he carbon atom, 6, does nob participate in the formation of glucal. 

Glucal triacetate is transformed by ozone in glacial acetic acid 
olution into c?-arabinose triacetate and the trinceti/l derivative of 
i. pentanetetrolic acid (probably arabonic acid), long needles or 
)risms, m. p. 127° after’ much softening at 120°, [a]jl +27'23° in 
ilcoholic solution ; the former showed little tendency to crystallise, 
iiid was therefore immediately hydrolysed to r/-arabinose, which was 
dentified as the ^-hromophenylhi/drazone and the yheuiflhenzijU 
ijldraxme, colourless, shining leaflets, m. p. 177—178° (corr.), 
<i]^o +14*4° in methyl alcohol. 

Glucal triacetate is converted into' ('/-glucosephenylhydrazone by 
he following process. The additive product of bromine and glucal 
riacetate (Fischer, loc. cit.) is treated with silver acetate, and thus 
‘ouverted into a mixture of stereoisomeric tefm-ncrliilqlunm-^- 
^romohfdrim, OAc-CH.pCH(OAc)*CH-CH(OAc)-CHBr-CH’OAc, 

L 0-- ' 

vhich is deacetylated by dilute hydrochloric acid and then treated 
vith phenylhydrazine ; the yield is about 60%. 

Glucal triacetate reacts with a saturated solution of hydrogen 
)romid6 in glacial acetic acid to yield gJucal (haceUiie hydro- 
•romide^ slender needles, m. p. 99-'100°; the substance exhibits 
autarotation in acetylene tetrachloride, chloroform, or alcohol, but 
9 recovered unchanged from its solutions. It contains a free 
lydroxyl group, since it is transformed by acetic anhydride in the 
tresenoe of pyridine into fducal frm'eiaii‘ hydrohroviide, prisms, 
a. p. 82—85°, [a]l^ +54*43° in tetracWoroethane, which does not 
how mutarotation. The constitution of these substances has not 
)een definitely elucidated. 

The addition of bromine to glucal triacetate yields a mixture of 
instable dibroraides, from which on some occasions it has been 
ound possible to isolate a crystalline compound, Cj. 2 H 3 n 07 Br.,, m. p. 
17— 118° (corr.), which, however, was not optically homogeneous 
■lid the isolation of which could not be subsequently effected a ter 
OSS of seeding material The corresponding dkhhmdn proved to 
more stable, but in spite of hoinogeneons appearance and 
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4-199-7^ in tetracliloroetliaiie solution, ine dichloride is 
transformed by silver acetate in glacial acetic acid solnt.on into 

^ QAc*CHt>’CH(OAc)-CH-CH(OA c)-CHCl*C H*OAc, 

monoclinic-sphenoidal crystals, a : 6 ; c = 0-7786 : 1 :07030, 3- 
m p. 110-111°, [a]|5 +51-1° m tetrachloroethane. 

Crude glucal triacetate dibromide is convert-^ by methyl alcobol 
and silver carbonate into a mixture of 
hromohvMns: (1) rhombic, ^i^phf oidal CTJstals, 
a-&:c-0‘2602;l:0-2855, 

p. 139° (oorr.), [a]'o‘ +50-2° in tetraAlor<«thane ami 
(•A nionoclinic sphenoidal crystals, a : 6 : c - 2 7028 .1.1 62, b, 
i = 99°52', m. p. 115-116°, [a]'.; -92-0° in tetrachloroethane. The 
Letyl compounds can be deacetylated by methyUlcohohc amraoma. 
and^ yield the corresponding methi/lgtuco^-hromohgdw,.: 

m m p. 181-182° (slight decomp.), [a]!) +.0-87° m ^queens ^la- 
ton and (2) m. p. 182-183° (corr. ; decomp.), [a]„ - 3-8° 
aq lus solnt on; tL former does not reduce FehUng s solntmn ami 
L Zble towards .¥-hydrochloric acid, whereas he latter ,s icad.ly 
attacked 

„ 1^—151° (corr) roli;+40 0° in tetrachloroethane, is very 
readily obtained from giucal triacetate dichloride, only one iiiodiS. 
a;p:::^i to he-formed On deacetylation, it 

ing at about lo , [ Jn n tt Qr-NH,, is obtained in the 

Meif/ p / aqueous ammonia on methyl- 

[a]o « in ^ 146-6" in water. The glucoside 

XZrir iSow^rr" --thly 0 gained wH th^^^ hydm 

Chloride is treated with 

“^"^.loTe'rMgoe m p. 188°, [ai;x 119-2° in chlMotoi, 

:;d'L°es nofappear to’be identical with the tetra-aoetylmethyl 

T=ttrr '0™ 

sodium amalgam and formation of 

“,s 
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WK-48'220 ia aqueous solution. Tt does not reduce Fehlinc.’s 
solution, bub is readily hydrolysed by iV/lO-hydrochloric acid but 
not by yeafifc extract or emulsin. 

forms rhombic-bisphenoid al crystals, : fe ; e=-0-470l'>i -O-oGSG 

p, 96-97‘=> after softening at 91°. [a]j? -30-31° in tetrachloro- 
ethane solution. 

Ql u€al diacetnfe-l^-bromohydfin, 

CH2Br’CH(OAc)‘CT-CH(OAc)-CH:CH ( ?), 

needles, -m. p. 44—45°, [a]}j -43-03° in tetrachloroethane, is 
obtained by the reduction of acetyidibromoglucose with zinc dust 
and acetic acid. It reduces Fehliiig^s solution, adds hroniiuc in 
chloroform solution, and gives a gree]i coloration with a pine 
shaving; it does not, however, restore the colour of a magenta- 
snlphurous acid solution. H.^W. 

A Celloisobiose. H. Ost and R. Prosiegel {Zeitsch. angew. 
(■hem-, 1920, 33, 100).— A new biose has been isolated from the 
product of the acetylation of cellulose in presence of considerable 
quantities of sulphuric acid, the reaction being allowed to proceed 
for some days at 30°, or for some weeks at 15—20°, until crystals 
of the known cellobiose octoacetaie begin to separate, Crlloko- 
h'me, CicHwOii, is easily soluble in water, sparingly so in alcohol, 
and forms fine needles, which melt indefinitely at 165—190° with 
evolution of gas; in aqueous solution, [aj^^ +23°. It has a slightly 
sweet taste, and its r^ucing property is 99% of that of maltose. 
It is not hydrolysed by yeast, but readily yields dextrose when 
treated with hydrochloric acid. Whilst cellobiose showed signs of 
fermentation after five days (compare, however, Schliemann, Difts., 
Hanover, 1910), cellof^ohiose gave no carbon dioxide. J. K. 

The Viscosity of Solutions of Cellulose. I. William 
Howieson G-ibson. II. WiLLiAii Howies OK Gibson [with Leo 
Spencer and Robert McCall] (T,, 1920, 117, 479—493). 

Digfestive Hydrolyses by Mechanical Ionisation of the 
Water. J. E. Abelous and J. Aloy {Gomjd. rend,, 1920, 170, 
1012—1014. Compare A., 1919, i, 310).— Simple shaking or 
bubbling of air through an aqueous solution or suspension of starch, 
lactose, neutral fats, or fibrin produces a partial hydrolysis, the 
amount increasing with rise in temperature. The addition of 
boiled digestive juices, such as saliva in the case of starch, or gastric 
juice in the case of fibrin, considerably increases the hydrolysis, 
although the enzymes in these juices were destroyed by the 
preliminary boiling. 

The Supposed Fission of Starch by Formaldehyde. M. 

Jacoby, W. von Kaufmann, A. Lewite, and H. Sallinger {Ber., 
1920, 53, [5], 681— 685).— A reply to Woker’s recent criticisms 
(this vol,, i, 10). The simple explanation of the supposed di astatic 
action of formaldehyde lies in the fact that the latter forms a oose 
additive compound -with starch {which does not give a blue color' 



i. 424 


ABSTEACTS OF CHEMICAL PAPERS. 


ation with iodine), and also modifies the physical properties of tLe 
colloid ; precipitation with alcohol, or with numerous electrolyte^ 
which behave similarly, yields unchanged starch, which under no 
conditions has suffered diastatic degradation. H. W. 

Some Properties of Inulin and Changes in its Physical 
State. J. Wolff and B. Geslin {Bull. Soc. chim. hioL^ 1920, 2 
19 — 23). — -The hydrolysis of inulin is considered. Inulin prepared 
from chicory or dahlias is more soluble in water than that from 
other sources after it has been precipitated by alcohol. It 
can he converted into the less soluble form by evaporating the 
solution. The change is reversible, and is not fully understood 

J. C. B. 

The Diastatic Hydrolysis of Inulin. H. Colin {Comp, rend., 
1920, 170, 1010 — 1012). — In the hydrolysis of inulin by inulase 
from different sources, there is no indication of the formation of 
any intermediate products between inulin and the reducing sugars. 

W. G. 

Preparation of Organic Derivatives of Calcium Iodide. 

Walter Spitz (D.R.-P. 318343; from Chem. Zentr.^ 1920, ii, 601). 
— Aqueous or alcoholic solutions of calcium iodide are allowed to 
react with neutral aqueous or alcoholic solutions of organic deriv^ 
atives of ammonia, such as free or combined ami no- acids or cart 
amides, and the additive compounds are obtained in the solid state 
by evaporation or spontaneous crystallisation of the solutions. 
Ghjcine calchm- iodkie, Cal 2 ,NH 2 'CH 2 ’C 0 ;,H, 2 H 20 , crystallises 
from aqueous solutions of the components in colourless, prismatic 
needles which decompose, without melting, above 275°; the iodine 
is not completely precipitated by silver nitrate in nitric acid solu- 
tion. Carhamide calcium iodide, Cal2,CO(NH2)2/‘lH20, obtained 
by boiling an aqueous solution of the components with a few drops 
of acetic acid under reflux, forms large, transparent plates, m. p. 
1G7‘5°; the calcium is quantitatively precipitated by ammoniacal 
ammonium oxalate. Glycylglycine calcium iodide, 
Cai2,(C.iH802N2)2,2H30, 

colourless needles, decomposes with separation of iodine, but with- 
out melting, above 200°. Alanine calchim iodide^ 
Cal2,(C3H70.2N)2,2H20, 

has m. p. 115°. The compounds are stable in air, not hygroscopic, 
and applicable in pharmacy ; in contrast to calcium iodide, they are 
not decomposed by carbon dioxide. . H. W. 

Action of Chlorine, of Hypochlorous Acid, and of Cyanogen 
Chloride on Cyanamide and its Derivatives. Ch. Maugcih 
and L. J. Simon {Compt. rend., 1920, 170, 998 — 1001). — ^^Vhell 
chlorine is passed over cyanamide, a yellow, highly polymerised 
product is obtained. When the gas is passexl into an aqueous soUv 
tion of the amide or of calcium cyanamide, a lachrymatory product 
is obtained. If the solution is then warmed, a red vapour is given 
off, which condenses below 0° to a red, extremely unstable liquid. 
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vfliich explodes after a few minutes. When an a(|ueous solution 
of eyanajnide is added gradually to an aqueous solution of hypo- 
chlorous acid free from chlorine, and the mixture cooled to 0°, a 
very unstable, crystalline product, dangerous to handle, is obtained. 
When perfectly dry silver cyananiide is added to an excess of 
cyanogen chloride at,0°, a white powder is formed, which is a 
compound, AgN(CN)o, and swells up when heated. This 
silver compound is decomposed by hydrogen chloride in ethereal 
solution, giving dici/animide hydrochloride, NH(CN) 2 ,HC 1 , which 
in its turn is decomposed by water to give biuret. Tf the silver 
compound, AgN(CN). 2 , is decomposed in water by dilute hydro- 
chloric acid, it gives cyan-orarhmtn.de., CN’NII'CO'NII.i. W, G. 


Carbon Subnitride. Action of Halogens, of the Hydrohalogen 
Acids, and of Alcohols. Charles Mourku and Jacques Ch. 
BoxGRAND {Compi. rend., 1920, 170, 1025 — 1028. Compare A., 
1914, i, 671).~The heat of combustion of carbon subnitride agrees 
with the equation - 138'3 cal. The sub- 

nitride fixes all the halogens. With an aqueous solution of hydro- 
bromic acid, the product is a-hromo-OL^-dirtianoethdenr, 
CN*CH:CBr‘CN, ' 

m. p. 48 '5 — 49°. Similarly, the subnitride adds on the elements of 
hydrogen iodide, giving (x-iodo-a^-dkyanoeihyhne^ m. p, 86—87°. 
With hydrochloric acid, partial hydrolysis also occurs, and the pro- 
duct is chhro-^-cpafwarryhnnidc. m. p. 167°, the chlorine probably 
beiiiff attached to the a- carbon atom. When carbon subnitride is 
treater! with absolute alcohol, it yields a-ethoTy-a^-divyanoethylene, 

in. p. 30-5—31°, 1-0166, 1’4677. Similar additive pro- 
ducts are obtained with other alcohols. W. G. 


Preparation of Cyanogen Chloride on a Large Laboratory 
Scale. T. Slater Price and Stanley J. Green (/. Soc. Chem. 
Ind,, 1920, 39, 98t— IOIt).— The most convenient method for the 
i)reparatioii of cyanogen chloride on a large laboratory scale is by 
the action of chlorine on a dilute solution (12—15%) of hydro- 
cyanic acid. The chlorine is forced into the solution through a 
porous pot, and the fine hubbies so produced bring_ about rapid 
chlorination. The heat of reaction is sufficient to distil over the 
cyanogen chloride into cooled receivers; the crude product coidanis 
water and hydrogen, cyanide, togethcr^ with traces of hy loc one 
acid; methods of purification are described. . 1,1 • i 

Instead of using a pure solution of hydrocyanic acid, the acid 
may he made in situ by the interaction of ^ so luin ® 

sulphuric acid solutions, the hydrocyanic acid solution thus pro- 
duct being about 6% strength, On a large scale, this raelhod 
suffers from the disadvantage that considerable cooling is necessary 
during the preparation of the solution of . ... 

The mrthod described by Jennings and Scott (A WW. ■ 
is not practicable on a large scale, owing to the diffic y 
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acid proceeds quantitatively according to the equation CI 2 + HCK ^ 
CNCl + HCl. 

Pure cyanogen chloride has h. p. 13° (uncorr.) and m. p. 

1)5 1‘207, and D1 1-218, By the action of hydrogen chloride, the 
fallowing effects are produced : (a) The cyanogen chloride is poly- 
merised to cyanuric chloride, the reaction taking place slowly and 
only to any extent in the absence of water. (6) Hydroxylation 
of the cyanogen chloride to cyanic acid and carbon dioxide, and 
hence to ammonium chloride and carbon dioxide, This is a much 
more rapid reaction than (a), the velocity increasing with the 
strength of the acid. The action is complete in a few hours with 
SiVTICl; with 2 ^V- acid, the reaction is very slow, and even with 
SA^-acid takes several days. The pure substance does not undergo 
polymerisation, and dry chlorine and carbonyl chloride have no 
action on it. 

In an addendum, a small-scale continuously acting apparatus is 
described. T, S. P 

Methylstannouic Acid and some of its Salts and Deriv- 
atives. J. G. F. Dbuce {Chem. News, 1920, 120, 229—230),— 
In view of the suggestion that potassium hydrogen stannite has a 
structure similar to that of potassium formate (Hantzsch, A., 
1902, ii, 289), the relationship of methylstannonic acid to acetic 
acid has been studied, but they are found to have little in common. 
The corresponding methylstannonates are precipitated on the addi- 
tion of copper, zinc, nickel, or ferrous sulphates to solutions of the 
alkali salts. The acid is insoluble in solutions of the alkaline 
carbonates or in organic solvents, but soluble in mineral acids, 
acetic and tartaric acids. It is infusible, but when strongly heated 
is decomposed into stannic oxide, methane being also produced in 
absence of air. Stannic oxide is also produced when the acid is 
gently heated with ammonium nitrate. A modification of Pfeiffer 
and Lehnardt’s method of preparing the acid (A., 1903, i, 470, 
802) consists in the careful acidification of the residual solution 
after removal of alcohol at 40° from the product of the action of 
methyl iodide on an alcoholic potassium stannite solution at the 
ordinary temperature for three days. Methylstannoyl potassium 
carbonate, which is produced by Pfeiffer s proc^, forms crystalline 
platelets, the solution of which in water is alkaline in reaction and 
suffers decomposition either by heat or by dilute hydrochloric acid, 
carbon dioxide being produced in the latter case. AnUine methyl- 
stannkhlorule, (NH 2 Ph). 2 ll 2 MeSnCl 5 , prisms, m. p. 214°, from 
till methyl chloride or methylstannonic acid and aniline hydro- 
chloride, forms an acid solution, unaltered by boiling. Methyl- 
anUine nuthylstannichloride, (NHMePh)oH 2 MeSnCl 5 , granules, 
m. p. 194°. Pyridine methylstannichloride, Py^HoMeSnCl^, yellow 
plates, m. p, 300°, I- K- 

Catalytic Oxidation. I. Benzene. John Morris Weiss and 
Charles R. Downs (/. Irul. Eng. Chem., 1920, 12, 2 28—232. 
Compare this vol., i, 216, 236). — An outline of investigations of 
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catalytic oxidation of benzene, especially the fonnation of 
jnalcic acid. In this reaction, using vanadium dioxide as catalyst, 
temper 3'tur© control is the most important factor. The apparatus 
employed consisted essentially of a vaporiser and mixer, a contact 
tube, and a condensing system; the contact tube was immersed in 
a metal bath kept at a definite temperature. W. P. S. 

The Introduction of the Chloromethyl Group into the 
Aromatic Nucleus. Henry Stephen, Wallace Frank Short, 
and Geoffrey Gladding (T., 1920, 117, 510—527). 

[Freezing Points of Binary and Ternary Systems of 
Nitrotoluenes.] E. Chabanier {Mon. Sci., 1920, [v], 10, 80).— The 
method of determining the freezing points of component systems 
of nitrotoluenes described by Bell and Herty (this vol., i, 152) is 
the most trustworthy yet devised ; but to obtain concordant results, 
the supercooling must not be too pronounced, since the temperature 
does not subsequently rise to the same extent as when there is only 
flight supercooling. Owing to the variable influence of supercool- 
ing, the melting-point curves thus obtained will be slightly below 
the true curves for binary systems. Applying the hypothesis of 
Bell and Herty, the eutectic points of binary mixtures of 2 : 3-, 
2:4-, 2:5-, and 2 : 6-dinitrotolueiies have been calculated. The 
method is also applicable to the study of nitration processes. For 
example,, direct nitration of toluene to dinitrotoluene gives mix- 
tures of 2:4- and 2 : 6-dinitrotoluene, from which crystals solidify- 
ing at 66 — 67° can be separated, whereas by the nitration of mono- 
nitrotoluene to dinitrotoluene, a mixture solidifying at about 59° is 
obtained. In like manner, differences may be observed in the 
products obtained by nitrating toluene to trinitrotoluene directly 
or in three stages. C. A. M. 

*The Electrochemical Oxidation of p-Nitrotoluene and of 
its Isomerides. Fr. Fighter and GtRAi.D BonhOte [Helv. Chim. 
-Icta, 1920, 3, 395—409). -Contrary to the staiemeiit of Elbs that 
the electrochemical oxidation of /Miitrotoluene does not proceed 
lieyond the formation of 2 ^-i^iti’obenzyl alcohol (A., 1897, i, 332), 
it is shown that under varying conditions in acetic-sulphuric acid 
solution with a platinum anode, both yMiitrobenzaldehyde and 
p-nitrohenzoic acid are produced (compare Coehn, Zeifsch. 
Ekktrochem., 1903, 9, 643; I.abhardt and Zschoche, A., 1902, 
i. 289). The alcohol owes its protection from further oxidation to 
the simultaneous formation of a tarry product, of low nitrogen 
content and phenolic in character, together with nitric acid as a 
result of the replacement of the nitro-group of /Miitrotoluene by 
hydroxyl. In virtue of its easy oxidisability (compare A., 1914, 
b 946), this product acts as a depot ariser. The acetic ^id also 
plays a part by protecting the alcohol from the action of the nitric 
^id; if aqueous sulphuric acid be used, a better yield of p-nitr^ 
benzoic acid is produced, and p-nitrobenzyl alcohol can only be 
isolated with difficulty. Experiments on the electrolytic oxid^ation 
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of phenol showed that the formation of carbon dioxide was greatly 
increased by nitric acid, but this effect was negligible when acetic 
acid was also present. Successively better yields of /Miitrobenzuie 
acid, without’ the formation of tar, are obtained by replaciinr 
2 ?-nitrotoluene by y>-nitrobenzyl alcohol or y'-nitrobenzaldehyde, 
whether acetic acid be present or not. Owing to its greater 
oxidisability, o>nitrotoluene suffers complete decompe^ition in 
aqueous sulphuric acid, but in acetio-sulpburic acid gives a smaller 
yield of nitrobenzyl alcohol than the para-isomeride (compare 
Pierron, A., 1901, i, 685), with some tar, whilst the alcohol and 
the aldehyde may be respectively oxidised in good yield to the 
aldehyde and the acid. By oxidation in presence of dilute 
sulphuric acid, ?7i-nitrotoluene also suffers complete decomposition, 
but m-nitrobenzyl alcohol cannot be detected among its oxidation 
products in acetic^gulphuric acid solution, since, like toluene, 
it yields the aldehyde, or, with sufficient current deiipitv, 
the acid. This may also easily be obtained in good yield from the 
alcohol and the aldehyde. In explanation of this difference from 
the ortho- and para-isomerides, it is shown that, of the series 
p-nitrotoluene, ;?-nitrobenzyl alcohol, 2 ?-nitrobenzaldehyde, and 
y7-nitrobenzoio acid, the alcohol shows the maximum polarisation 
value in presence both of aqueous- and of acetic- sulphuric acids, 
and, in consequence, it is suggested that a peroxide of yMiitro- 
benzyl alcohol is formed which increases the oxidising effect of the 
anode on the higher oxidation products. If platinum berfreplaced 
by lead peroxide as anode, the alcohol is no longer obtained. When 
the alcohol is used as starting material, it reacts with any peroxide 
to form the aldehyde, and so weakens its protective action. The 
polarisation values of o- and m-nitrobenzyl alcohols are very small, 
in accordance with the smaller yields obtained of these substances. 

J. K. 

Formation and Decomposition of Aromatic Sulphonic 
Acids by Electrochemical Oxidation. Fr. Fighter, Rodert 
Brandlin, and Ernst R. Hallauer [Helv. Chim. Acta, 1920, 3, 
410 — 422. Compare A., 1914, i, 811). — By electrolytic oxidation 
of ammonium 4 :4^-disulphodiphenyl disulphide at a platinum 
anode, benzene-/?- disulphonic acid is produced iu 88 % yield, but k 
only freed with difficulty from impurities, presumed to arise from 
its oxidation (compare Tonoli, Chem. Zeit., 1912, 36, 9119). 
Experiments on the electrolytic oxidation of ammonium beuzeiic- 
/^driulpbona^ itself indicated the formation of a phenolic com- 
pound as intermediate product, the final product being isolated as 
a harmm salt, to which the formula Cj 2114010836 a 4 is assigned with 
reserve. Phenol -2 : 5 -disulphonic acid is probably an intermediate 
product, since on oxidation it exhibits a sirriilar series of colour 
changes, probably involving the formation of catechol- 4 -sulphoinc 
acid. Benzene-w- disulphonic acid also appears to furnish phenolic 
compounds (possibly catechol-4-sulphonic acid and quinolsulphoinc 
acid), since the odour of /?-beuzoqiunone is observed and the solu- 
tion gives a green coloration with ferric chloride, but suffers com- 



OBGANIC CHEMISTEY. 


i. 429 


plete decomposition without offering the possibility of isolating 
intermediate products. J. K. 


purification of Decahydronaphthalene Tetralin G.m.d.H. 
(D.R.-P. 310781 j from Chtm. Zentr., 19110, ii, 601—602).— Incom- 
pletely hydrogenated naphthalene is treated with liquid sulphur 
dioxide; naphthalene and its tctra-, hexa-, and octa-hydrated 
derivatives readily pass into solution, whilst dccahydroiiaphthaleue 
is practically insoluble in this medium. ET, W. 

Preparation of Chlorinated Nitronaphthalenes. Ohkar 
Matter (D.R.-P. 317755; from Chevi. Zenir., 1920, ii, 601).— The 
chloro- additive compounds of naphthalene are treated with nitric 
acid at a low temperature, and the products so formed are heated 
with water or with reagents which combine with acids. Thus, 
naphthalene dichloride and nitric acid (D 1-5) yield a lUiro- 
mplithalene dichloride which, when boiled with water or heated 
with milk of lime, passes into '^-(‘liloro-arnifrouaphthahne^ m. p. 

the latter is reduced by stannous chloride and hydro- 
chloric acid to '^-chloro-QL- imphtli pJamlnt , m. p. 88 — 89°. Similarly, 
naphthalene tetrachloride and nitric acid (B 1'5) form a resinous 
nitro^^phthalene tetrachloride, which is transfontied by methyl 
alcohol and sodium carbonate, or by benzene, methyl alcohol, and 
sodium hydrogen carbonate at 140—150°, into ~) '.^-^^^^^’(ha-'nifro- 
imphthalene, m. p. 94°. o:B-DichIoro-a-)m.pJith)/Jamitic, m. p. 
104—105°, is prepared by reducing the latter with tin and 
hydrochloric acid. H. W. 


The Reduction of Nitronaphthalenesulphonic Acids. 

Hans Eduard Fierz and Paul Weissenbach (lieJv. Chim,. Acta, 
1920, 3, 305 — 311).— The results of previous investigators have 
tended to sfiow complete agreement between the nitro-derivatives 
of benzene and of naphthalene in their behaviour on reduction. 
It is now found that the reduction, whether electrolytic or by 
means of iron and ferrous sulphate, of 5-iiitro- and 8-nitro^ 
naphthalene-2-sulphonic acid only yields the corresponding hydr- 
oxylamines (compare D.R.-P. 81621). The resulting solutions 
have strong reducing properties, and give red precipitates of 
unstable Schiff’s bases when treated with formaldehyde and 
diraethylaiiiliiie. Complete reduction is only achieved iii weakly 
acid solution, for example, by the use of ferrous ace a e. 
The 5- 'and 8-nitronaphtlialene4-sn]plionic acids however, 
and also 8-nitronaphthalene-l : 3 : 6-trisiilphonic acid may he 
reduced electrolytically to the amino-acids iii lO^yr, sulphuric acid 
solution, a current density of 200-600 amp./dm.^ lieing employed 


between lead electrodes. . . 

The dissociation constants of the following acids are given, 
naphthalene-l-sulphonic acid, O’lS; 

0'25 (compare Wegsclieider and Lux, A., 1909, ii, 649), Smitr 
naphthalene-l-sulphonic acid, 0'15, the S-nitro-isome , , 
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5 -nitronaphthal 6 ne- 2 -siilplioiiic acid, 0-10, the S-nitro-isoineride. 
0*13; 8'iiitroiiaplithalene-l : 3 : 6-trisulplionio acid, 0*055. J. K. 

Naphthalene- I'Sulphonic Acid. Hans Eduard Firrz and 

Paul Weissenbach {Kelv. (Jhin. Ada^ 1920, 3, 312 318). It is 
shown that the sulphonatioii of naphthalene, even at low tempera- 
tures always results in the formation of some naphthalene-2- 
sulphonic acid, for example, at least 2% at 0° (Euwes, A 1909. 
i 707). The determination of the proportion is based on the fact 
that the 1-acid crystallises from aqueous solution as a dihydrate, 
whilst the 2-acid forms a trihydrat-e. Apparently the process of 
sulphonation consists in the formation of a molecular wm pound, 
which undergoes decomposition into either the 1- or the 2-acid, 
according to the prevailing external conditions. Naphthalene-l- 
sulphouic acid separates from aqueous solution in the form of tiny, 
uon-deliQV.GScent columns, surmounted by pyramids, 
CioHj-SOsH.aHjO, 

m p. 90° which cannot he completely dehydrated withonl deeoiri- 
nosition. The ammonmm, salt, CjjH/SOs'NH,, pearly leaflets; 
the had salt, SO,), Pb, 311^0, 

into the raonohydrate at 85°; the salt (6H,0), th n leaflets; 
the cohalt salt (6H,0), lustrous, pale red leaflets, is blmsh-viclet 
when anhydrous; the nkkd salt (6H,0), lustrous, hght green 
leaflets, turns yellow and becomes anhydrous at 185 , the coppfi 
salt (6H„0), turquoise-blue leaflets, is dehydrated and turned yellow 
at 180°; the mhnmm salt (6H„0) and the zi»c salt (flHjO) tonii 
leaflets. The strontium salt crystallises as a dihydrate. J. K. 

Action of Aqueous Sodium Hydroxide on the a-Naphttyl 
aminesulphonic Acids. Hans Eduard Fierz {Helv. Chim. Ack, 
1920 3 318 — 329).— Diagrams of curves are given expressing the 
tabulated results of a quantitative study of the proportimis of the 
products obtained by the treatment of the a-naphthylamiiie 
3ul phonic acids with varying strengths of sodium hydroxide solu- 
tion at different temperatures. The following products me 
obtained, the figures in brackets iiidioatiiig the maximum propoi- 
tion observed, with the corresponding temperature and strength o 
alkali employed, time of action in all cases being three ’ J 

a-naphthylamine-4-8ulphonic acid: a-naphthol (59%), ^ 

sulpLiic acid (54%; 280°, 10%), 1 ■. 4 -dihydroxynaphthaIeie 

(trLes), but no a-iiaphthylamine ; 

sulphomc acid, 1 : S-dihydroxynaphthalene (60 2/o; 290 , 3U o 
50%), 5-amino.a-iiaphthol (52-4%; 250°, 30%), “ 

acid (37% • 260°, 20%) and traces of 5 -amuio-^-naphthol, 
r«apS;y7amine-7-snlpLnic .acid, «-naphtho - _sulphonu- 
(40%ni; 260°, 50%), 8-ammo-3-naphthol (37 7%, 260 , _ 

17 -dihydroxynaphthalene (3%; 260°, 20%). unchanged acid (»5,„ 
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260®, 20%) ; from a-naphthylamiiie-8-sulphonie acid, 1 : 8-dihydroxv- 
naphthalene (46‘6% [70% by very rapid beating]; 300® 10"^) 
c-uaphtbylamine (32 5%), a-naphtbol-8-sulphonic acid, and traces 
of S-amino-oriiaphthol. Some naphthalene is always produced 
when naphthalene-l- or -2-siilphoiiic acids are fused with sodium 
hydroxide solution (compare Willson and Meyer, A,, 1915, i, 232). 

’ J. K. 

Preparation of Hexanitrodiphenylamine and its Use as 
a Primer in Shell Charges. John Marshall (J. hid. Ena. 
('hail., 1920, 12 , 336 — 340). — Hexanitrodiphenylamine is move 
stable than tetr an itrom ethyl aniline or tetranitroaniline, and is 
superior to trinitrotoluene as a detonator. Tt may be prepared on 
a large scale by a modification of Carter’s method [ZeitH'h. (je.-i. 
Schiess. 11 . Sprengstoffw., 1913, 205) of nitrating aniline. In the 
first stage, two mols. of aniline and one mol, of chloroiiitrobenzene 
are emulsified with hot water, and the temperature raised to 80® 
for an hour. Dinitrodiphenylamine is precipitated in clusters of 
red needles melting at 148® to 152°. This is converted into tetra- 
nitrodiphenylamine by nitration with a suitable mixture of nitric 
and sulphuric acids, first at 70® and then at 80® to 90®, yielding a 
brownish-yellow, amorphous mass containing small amounts of 
higher nitration products. The final nitration of this material is 
effected at 90®, and yields up to 80% of the theoretical amount 
of hexanitrodiphenylamine in yellow crystals melting at 
238-5— 239’5®. The method of nitrating dinitrodiphenylainiiie in 
one operation, suggested by Hoffmann and Dame (A., 1919, i, 394), 
is less suitable, since it yields an amorphous material melting at 
238®, The absolute density of the crystalline product was 1-653.. 
[See, further, J. Soc. Chen. Ind., 1920, 429a.] C. A. M. 


Preparation of Biar ylure thanes. Ciiemische Fabriken vorm 
Weilkr ter Meer (D.R.-P, 306316; from (Jhem. Zrnfr.^ 1920, 
ii, 491 — 492), — The diarylamine or its hydrochloride (one molecule) 
is warmed with one or more molecules of ethyl chloroform ate in 
the presence or absence of a solvent until hydrogen chloride ceases 
to be evolved. When only one molecule of diarylamine is 
employed, a quantitative conversion of diarylamine into urethane 
is effected, and free hydrogen chloride is evolved. The preparation 
of diphenylurethane from diphenyl amine and chloroformic ester is 
particularly described. H. W. 


Ferrihenzhydroxamic Acid Compounds. R. F. Weinland 
and Gertrud Baier [Ber., 1920, 63, [B], 685- -696). — Addition of 
^ueous ferric chloride to a solution of sodium benzhydroxamate 
ill water yields the sparingly soluble ferri benzhydroxamate, 


CPh< 


0-^Fe 

N-OH 




reddish-brown rods or aix-sided platelets from 96% alcohol, needles 
from more dilute alcohol. The substance behaves as an internally 
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complex salt; it diaaolves readily in aqueous solutions of all types 
of bases and in dilute acids, apparently with, formation of salts, 
which can only exist in solution, since the latter ultimately depc^its 
the original material, From aJwhoIic solutions of ferric chloride, 
benzhydroxamic acid and pyridine (or quinoline), the following 
series of salU has been prepared [in the formulation of which 
BzxH represents the benzhydroxamic acid molecule and Bzx the 
radicle PhC(:N*0H)'0] ; (i) rectangular, violet platelets, 




■ Cl/ 
Fe Bzx 

Py 


(ii) pale violet, irregular, six-sided platelets, 

which are converted by water into ferribenzhydroxamate; (iii) the 
cherry-red salts FeCl^jBzxHPy and FeCl^iBzxII Quinoline, which 
are soluble in water and are te be regard^ simply as the pyridine 
and quinoline salts of a trichlorobenzhydroxamatoferri-acid, 

1 ^®Bzxl ^ shining powder, 

Tn, Cl, 1 Tn. Py.l Tr. CL - 


Fe 


BzxH 
red salt. 


Bzx 

[FeCl, 




(v) dark 

(vi) reddish-brown needles, 2l 


Fe 


Bzx, 

Py 

FeCl 

Bzx. 


Quinoline,! ^^‘1 + 6^0; 

3 BzxHJ * ' 


Fe^y 1 + 6H.0. The 

bzx.j ^ 


preparation of the individual salts is effected by suitably varying 
the relative proportions of the components; for details, the original 
must be consulted. H. W. 


Preparation of Dinitrophenol. Oswald Silbebbad (Brit. Pat. 
140955), — 2 : 4-Dinitrophenol is obtained by suspending 100 part? 
of 7 ^nit^osophenol in a solution of 200 parts of sodium nitrate in 
350 parte of water and running the mixture into 480 parts of 
sulphuric stcid at 70—80°, the temperature being finally raised to, 
and maintained for six hours at, 95°. The yield amounts to 135 
parts of dinitrophenol, representing 130% on the phenol initially 
employed. If desired, nitric acid (D 1'2) may be substituted for 
the sodium nitrate and sulphuric acid. G. F. M. 

Preparation of Pyrogallol. Kiteitfabrik Akt.-Ges. (Brit. 
Pat. 140694). — Pyrogallol is obtained in nearly theoretical yield 
by heating solutions or suspensions of tannic or gallic acids at 
temperatures above 160° in an autoclave, with a proportion of alkali 
or alkaline earth, etc., hydroxides or carbonates not materially 
exceeding twice the amount required to effect substitution of the 
hydrogen atoms of the carboxyl groups initially present and those 
formed by hydrolysis, if any. G. F. M. 
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The Valency Problem of Sulphur, III. H. Lecher {Ber., 
1920, 53, [B], 577—590. Compare A., 1915, i, 532 ; 1916, i, 41).— 
In previous communications (A., 1915, i, 532; 1916, i, 41), evidence 
has beeu brought forward to show that diphenyl disulphide and 
di-/Hliinethylaminodiphenyl disulphide are not appreciably dis- 
sociated into free radicles, since their solutions obey Beer's law. 
This method of attacking the problem is not, however, sufficiently 
accurate to enable conclusions to be drawn as to the possibility of 
a slight dissociation. A different mode of working has now been 
adopted, and it is shown that a solution of molar amounts of 
diphenyl disulphide and di-o-nitrodi phenyl disulphide iu boiling 
xylene is unchanged after three hours, and in benzene at 200° is 
unaltered after six hours, and that the same is true of equivalent 
solutions of o-nitrodi phenyl disulphide in the same solvents. From 
these experiments, the conclusion is drawn that the solutions of 
the latter substance cannot contain any free radicle, and, whilst a 
partial dissociation of one of the symmetrical disulphides is not 
absolutely excluded, it is highly improbable that such is actually 

the case. ' 

Diphenyl disulphide, di-p- dimethyl ami nodiphenyl disulphide, 
cH-o-nitrodiphenyl disulphide, and o-nltrodiphenyl disulphide 
exhibit themaochromic properties, darkening when heated in the 
crystalline or molten condition or when in solution, and returning 
to their original colour when cooled. The phenomenon is exhibited 
most strongly by the dimethylamino-, least strongly by the nitro- 
(lerivatives. It does not ap])ear to depend on the formation of 
free radicles, and is not a specific property of the disulphide group, 
since it is also exhibited by o-nitrodi phenyl sulphide. It may 
porhbly be partly attributable to the presence of the nitro-group, 
since nitrobenzene is itself thermochromic. 

The dissociation of mercury phenylmercaptido into mercury and 
diphenyl disulphide, Fg(SPh )2 — Ilg-hPhS-SPh, does not appear 
lo he attributable to a preliminary detachment of the SPh- 
radicle, since o-nitrodiphenyl disulphide is found to react with 
mercury under conditions which preclude the presence of the free 
radicle; the products of the action are diphenyl disulphide, di-o- 
nitrodiphenyl disulphide, and jnenurj/ o^mirophenylmtrcaf^^^^^ 
small, yellow, very electric needles, m. p. 231° (decoinp.) after 
softening at 222° and darkening at 228°. 

^mtrodiplienyl disulphide, NO.-CoHpS-SPh, long yellow 
crystals, m. p. 55°, is smoothly prepared by the a<^tion of o-iii ro- 
chlorothiolbenzene (Zincke and Farr, A., 1912, i, 763) P 
mercaptan in dry ethereal solution. F. v . 


Reduction of Organic Disulphides by Alkali Mercaptides. 

H. UcHEE (Ber., 1920, 53, [«], 59I--393).-The author has 
attempted to prepare o-nitrodiphenyl disulphide In 
hy the action of onitrochlorothiolbenzene (Zincke and A., 

1912, i, 763) on sodium phenyl sulphide, but has thereby obtained 
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mainly a mixture of the s-diphenyl disulphide and di-o-nitro- 
diphenyl disulphide, The 05 - disulphide is shown to be formed 
primarily and to be immediately reduced by the sodium phenyl 
sulphide to diphenyl disulphide and sodium o-nitrophenvl 
mercaptide, N02'(l(}H4-S*SPh + PhSNa — N0.2-C(.H4*SNa+ PhS'SPhj 
the latter then reacts witl^ omitrochlorothiolbenzene to yield di-o- 
nitrodiphenyl disulphide. H. W. 

Cholesterol. XXIX. Certain Derivatives of Cholestene and 
i/r-Cholestene and the Proof of the Existence of a Methylene 
Group adjacent to a Double Bond in Cholesterol. A. 

WiNDAUs {Her., 1920, 53, [5], 488--497).- -Cholestene and 
t/f-cholestene have been converted into three different monoketones, 
in which the carbonyl group is in the positions 6, 7, and 

8 respectively when the numbering shown in the 

sj 5! annexed scheme is adopted. 

^\/\^/ Nilro cholestene, leaflets, m. p. 117 — 118° (Mauthner 

and Suida give m. p. 105°), is prepared in 75% yield 
by the action of fuming nitric acid (D 1’52) on a solution of 
cholestene in glacial acetic acid, and is converted by potassium 
cyanide into nifrochoJestene hydrocyanide^ long ne^les, m. p. 
162°, from which cholestan-7-one, m, p. 98 — 99°, is prepared, 
which is identical with lieteroeholestanone described by Windaiis 
and Dalmer (A., 1919, i, 204). The latter, when oxidised bv 
chromic acid in hot glacial acetic acid solution, yields an acid 
product which shows no tendency to crystallise, hut which, on dis- 
tillation under diminished preSvSure, gives an unsaturated hydro- 
carbon, or C 2 -H 4 ^ [identical with the product obtained by 

Windaus and Kesan (A., 1914, i, 682) by the oxidation of 
cholestene with permanganate], transformable by catalytic 
hydrogenation into a saturated hydrocarbon, m. p. 45° (see later), 
Similarly, 4-chlorocliol6stane-7-one is converted by chromic acid 
into a non-crystalline acid, from which an unsaturated hydrocarbon, 
or C 2 r,H 4 . 2 , m. p. 76°, is obtained, identical with the product 
isolated by Windaus and Resan [loc. cit.) by the distillation of 
the acidic oxidation compounds of cholesteryl acetate. Catalytic 
hydrogenation in ethereal solution converts the latter mainly into 
a saturated hydrocarbon, m. p. 80°, whilst in glacial acetic acid 
solution the hydrocarbon, m. p. 45° (see above), is formed. 

Ni(m-\}/-choJ(sfe?u, CoyH^^O^N, has m, p. 70°, and is converted 
■ p g by zinc dust and acetic acid into chdestan- 

6 -one, m. p. 98 -99° (oxime, slender needles, 

^ m. p. 205°). The latter is reduced by 

HgC^ hC’COjH amalgamated zinc and hydrochloric acid to 

HjCl IcH'COgH cholestane, ra. p. 79 — 80°, and is oxidised 

‘ by fuming nitric acid to a dicarboxylic adul 

^^2 (annexed formula), m. p. 240°. 

The oxidation of cholestene by a considerable excess of chromic 
acid in glacial acetic acid solution leads to the production of small 
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C- 


-co 


HO Ctf OH 

\/\/ 
CH- OH 


^mounts {ca. 10%) of the uusatu rated ketone, ketocholestene 
(annexed formula), plate-like crystals, m, j). 
C.'CiflH^s 145° {semicarhazone, small needles, m. p. 225° 
[deoomp.]). The constitution of the latter 
follows from its catalytic hydrogenation to 
cholestane-^-one, m. 108 — 109°, which is found 

to differ from either cholestane-6' or -7'One, but 
to be oxidised by fuming nitric acid to a dicarb- 
oxylic acid, C 27 H 4 g 04 , identical with that 
obtained from cholestane-7-one, thus showing the 
keto-group to be present in the position 8. Hence, cholestene must 
contain the methylene group in juxtaposition to the group 
-CH1CH-, and this arrangement must also be pre^nt in the 
cholesterol molecule. H. W. 

Cholesterol. XXX. Oxidation of Cholesteryl Acetate. A. 

WiNDA-US and E- Kirchner (Ber., 1920, 53, [if], 614— 621). -y- 
The oxidation of cholesteryl acetate (I) with chromic acid 
(Mauthner and Suida, A., 1897, i, 31; Windaus and Resau, A., 
1915 i, 677) yields a mixture of l3-oxycholestenyl acetate and a 
.ubatanoe, the constitutions of which have not been satis- 

factorily elucidated. Attempts have been made in this direction 
by Windaus and Resau {loc. cit.), but their arguments are based 
on a formula for cholesterol since disproved. Revision of the 
latter (preceding abstract) has enabled the problem to be solved. 

S-Oxycholeatenyl acetate (II) is readily hydrolysed to the sunply 
nnsaturated keto-alcohol oxycholestesiiol, which readily losra water 
and yields the doubly uusaturated ketone, ketocholesterylenc (111). 
The latter, when submitted to step-wise catalytic hydrogenation,, 
first absorbs two atoms of hydrogen, and gives tbe previously 
described ketooholestene (IV), and then reacts wnth a further two 
atoms to yield cholestane-8-one (V) (Inc. ci(. . The same pri^ucl 

is ultimately obtained when ,f-cholesterol (obtained froin keto- 

cholesterylene by means of sodium and alcohol) is first oxidi^d to 
the unsiturated ketone, ./.-cholesteiioiie, and then «»talyWly 
hvdrovenated. The oxidation of cholesteryl acetate is therefore 
precisdv analogous to that of cholestene, the methylene group 
adjacent to the double bond being converted mS 

The individual products are therefore formulated in the following 


0 

I 1 I 

H.C CH CH 

\/\/ 
Ca-OAc CH 
(I-) 


H.C c— CO 

1 1 1 

H.() OS CH 


CH'OAc CH 
( 11 .) 


H,C C— CO 

si c CH 

\/\/ 

CHtCH 

(III.) 
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/\/ 

,u cj— «co 

I I I 

jC CH CH 

\/\^ 

CH„ OH 

(IV,) 


^18^85 

^18^85 

0 

c 

/\/ 

/\/ 

H.C L — CO 

1 1 1 

H2O C — CH„ 

1 1 1 

1 1 1 

II.C OH CH2 

1 I I 

HnC CH CO 

\/\/ 

\/\/ • 

OH2 CII2 

OH-CH CH*OH 

(V.) 

(VI.) 


It is further shown that j3-oxycholestenyl acetate can be reduced 
by hydrogen in the presence of spongy palladium to ketochole^tanyl 
acetate, needles, m. p. 142—143°, which, on hydrolysis, yields 
cholestan€-S-one.4:-ol, pearly leaflets, m. p. 156 — 157'^; the latter is 
oxidised by chromic acid in the presence of acetic acid to 
cholestaneA : S-dio-n^^, needles, m, p. 186—187°, the dioxtme of 
which has m. p. 281° (decomp.). 

The substance, 029114504, is the monoaoetyl derivative of a 
choleetane-one-diol, which is now shown to be wocholestane-T-one- 
4:5-diol (VI), since, when cautiously oxidised, it passes into the 
previously described «\mcholestane-4 : 7-dione-6-ol, which is suc- 
cessively convertible into cholesteue4 : 7-dione and cholestane-l : 7- 
dione. H. W. 


Syntheses with the Aid of Monochloromethyl Ether. IV. 
The Condensation of Ethyl Benzylsodiomalonate and 
Monochloromethyl Ether. John Lionel Simonsen (T,, 1920, 
117 , 564—569). 

The Preparation of cyc7oHeptane-l ; 1-diacetic Acid. 

James Nelson Edmund Day, George Arm and Robert Kon, and 
Arnold Stevenson (T., 1920, 117 , 639 — 646). 

Derivatives of a-Arylphthalides and their Conversion into 
Anthracene Derivatives. A. Bxstryzcki and S. Zen-Ruyfines 
{Helv. Chim. Acta, 1920, 3 , 369—391. Compare A., 1899, i, 151). 

— 6 - Hydroxy - - tolylphthalide, H 

m. p. d64'5— i65'5° (Winkler, Dies., Freiburg [Switzerland], 1901), 
is best prepared by the condensation of o-phthalaldehydic acid with 
o-cresol in presence of 73% sulphuric acid; it yields a henzoyl deriv- 
ative, C9.2 Hi(; 04, m. p. 123 — 124°; ethylation gives its ethyl ether, 
Ci7Hig03, m. p. 96’5 — 97*5°; its methyl ether, 049115403, m. p. 
124'5 — 125’5°, is formed from o-phihalaldehydic acid and o-tolyl 
methyl ether; its 5 '-7' rom a- derivative, m. p. 185 — 186°, 

gives an acetyl derivative, CiyHivO^Br, m, p. 131 — 132°; its fi’-nitro- 
derivative, C4.^Hi405N, has m. p. 182°. -fl ydroxy^yhenyl'-'m-iolyh 
methane-2-carhoxylic acid-, 0H’C9H3Me'CH2*C(3H4'C02H, m. p- 
215 — 216° {silver salt, Cj5ni303Ag), obtaijied from the above 
phthalide by reduction with zinc dust and sodium hydroxide, is 
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couverted by cold sulphuric acid into 2'hi/(Irox{/-2fmcfht/l-d- 
(Dit krone, C 6 H 4 <^g~^C,;ILMe’OH, glisteiiiiig prisms, iii. p. 

276—277'^, which does not fluoresce in solution. It dissolves in 
cold potassium hydroxide solution, and by saturating the solution 
at- 0° with carbon dioxide, a yellow ];)tecipitate, probably of the 
isomeric aiithranol, is produced. T5y acetylation, the anthrone 
yields 2 : ^-dmcelojct/-3-'methj/l anthracene, 

leaflets, m. p. 171 — 172°, which shows a blue fluorescence, in acetic 
acid solution, and on oxidation with chromic acid gives 'l-uvefo.vf/- 

* CO 

^,mtkylanthra<imnonc^ C 6 H 4 <^^>C(.TT._,Me-OAc, needles, m. p. 

177° from which 3-hydroxy-2-methylaiTthraquinone, m, p. 298‘5® 
(Fraud e, 1879), is obtained by hydrolysis. 3-p-Hydroxy-;y?- . 


^OH 




fjieth&xyphenylphthalide, 

^Q .5 112-5° from o-phthalaldehvdic acid and guaiacol, gives an 

acetyl derivative, m. 142-143°, and, by reduction, 

ii hydroxv-^f-7netJiox7jdvphenuhneU^^^^^^ aad, 

^ OH-CGH,(OMe)-CHpCeIIpCO,H, 

^ p 150—151*^ (st?rer salt, Ci^H^iiO^Ag). ^Mydroxy^d-metlioxy- 
* n TT TT ^OH 211 — ^213°, from the 

acid iust mentioned, shows no fluorescence in solution, pit dissolves 
in cold potassium hydroxide solution, and, mi^petyktion, 

H ; *^-duicetoxy~^-'tneth<>xt/anthracei}e, 

m p. 168'5— IflO-o®, from which 2-aeefo.r!!-?,-melho.r!/anthmquvt- 
O.C, m. p. 200'5-201-5° is obtained by 

oxidation. This compound furnishes hystpa.in inonomelhyl ether 
on hydrolysis. ■ S-mp-Ormef/.oryp/K-ny/p/it/mhrfc, 

ni p 144-145°, from o-P^halaldehydic acid and pratjpe pfe 



icid (Lagodzinski, A., 1905, i, 81). ">',.^',1, '.u'n.nmmethaiic- 

only a ™aU quantity of the expected 

carboxylic acid is produced. The condensation of opiamc 
with CKjresol to Q’-hydroxy-ioi-'folyhnccon^t^^, 

CsHjt h (Winkler), is best earned 

m. p. 181°, acetyl derivative, m. Pp4' / , , ’’ther, C^HjsO.,, 

out in presence of sulphuric acid, ' “ ^ ^ qp from opiauio 

m, p. 117-D_119°, may be obtained by melhylatiou l 
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acid and o-tolyl methyl ether, and when hoiled with dilute 
potassium hydroxide solution undergoes to a slight extent rupture 
of the lactonic ring. Neither the parent compound nor its methyl 
ether could be converted into a diphenylniethanecarboxylic acid 
by reduction. This was also the case with Z-]^-hydroxy~m-meilw,iit^ 

nucrme, m. p. 164-166- 

‘d-v[ip-dimethoxyphc?iyl7neconine, m. p. 120 o — 1215 , yields 
tetramethoxy-o-benzoylbenzoic acid (Bentley and MVeizmann, 1,, 
1908, 93, 437) on oxidation; ^-arcylmeconino, 


CO< 


JH-CgH3Me(OH)2, 


m. p. 223—225^ 


^-i^-dimethylaDiinophenyhiieconine, 
0 - 


m. p. 132-5— 134' 0^ (hydrochloride, needles), from opianic acul 
and dimethylaniline in presence of anhydrous oxalic acid, can also 
not be reduced by zinc dust and sodium hydroxide. Bistrzyckis 
2-hydroxyanthranol (A., 1899, i, 151) is really 2-hydroxy-9- 

anthrone, C 8 H,<®®'>C 5 H 5 'OH, and, similarly, 2 ; 3' : 4'-trimeth- 
oxydihyd roan throne is 3:4; 7-trimethoxy-9-an throne. ^^-{Nitro-^ 


kydraxynaphfhyrj-phthaJide, CO<Cq decomp. 

at 130’5°, is obtained by nitrating 3-hydroxynaphthylphthalide. 

J. K. 


Truxillic Acids. II. K. Stoermer and E. Emmel {Ber., 1920, 
53, [7?], 497—508. Compare Stoermer and Foerster, A., 1919, 
i, 444). — Further investigation of e-truxillic acid leads the authors 
to the conclusion that it is an unusually stable trans-acid (annexed 
formula), the view being maintained that the 
COoH H Ph truxillic acids and the ^otruxillic acid are 
structural and not stereo-isomerides. 

e -Truxillic acid, long, colourless needles, 
m. p, 192^ (identical with Hesse's j9-cocaic 
acid), is conveniently prepared by protracted 
heating of a-truxillic acid with alkali hydr- 
oxide. It is not affected by prolonged heating 
or by <lrastic treatment with hydrochloric acid. Attempts to con- 
vert it into an internal anhydride were unsuccessful, hut, by the 
action of acetic anhydride on the acid at 200 — 210^, or of pho?- 
phoryl chloride on the potassium salt, a non- crystalline anhydride 
of high molecular weight is obtained, which, however, is reconverted 
by water into €-truxillic acid. The nature of the product is con- 
firmed by its conversion by ethyl alcohol into ethyl hydrogen 
^•truxillate, and by aniline into edritxilldiamhde, m. p. 284^, and 
e-truxillanilic acidf needles, m. p. 293®. • j av, 

The following derivatives of e-truxillic acid ^e described: toe 
hof'iuvi and cfdcium salts, which are less soluble in hot than in 
water; methyl ester, m.' p. 64®; ethyl ester, m. p. 34°; chlond^t 


/! / 
/ H / H 

H CO^H 
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in. p. 106 — 107°; diamide^ small, transparent needles, m. p. 240°; 
{(,tr<ii 7 iethyldiamid€j m. p. 190°; dianilide, slender, silky needles, 

The following investigations have been carried out in connexion 
with attempts to convert the truxillic acids into cyc/obutanetetra- 
carboxylio acids {loc. cit.), but success has not been thus far 
achieved. Dinitr 0 - 7 -truxillic acid, m. p, 293°, is most conveniently 
obtained by the action of fuming nitric acid (D 1’5) on the 
y-anhydride, and is converted by acetic anhydride into dinitro-y- 
truxillic anhydride, small prisms, m. p. 229°. The acid is con- 
verted in the usual manner into methyl dinitro-y-fruxiUote, silky 
needles, ni. p. 194°, ethyl dinitro-y-tru-xdlate, glassy needles, in. p. 
146° and dinitro-y-trii^xillyl chloi'ide, yellow prisms, m. p. 204°. 
The latter readily yields the corresponding diamide, pale yellow 
crystals, m. p. 280°, tetramethyldi amide, m. p. 276°, and dianilide, 
p. 261°. Dinitro-y-truxillic anhydride is transformed by 
aniline, according to conditions, either into dinitro-y-truxillanilic 
acid, m. p. 265°, or the corresponding dianilide; in contrast to the 
behaviour of jS-wotruxillic anhydride, it could not be caused to 
yield an anil or a fluorescein derivative. With ethyl alcohol, it 
'frives ethyl hydrogen dinitro-y-truxiUnic, long needles, m. p. 
176-177°. 

Ethyl dinitro-y-truxillate is reduced by hydrogen in the presence 
of palladium to ethyl diamino-y-truxdlatc, m. p. 162—163°; 
definite substances could not be isolated from the products of the 
oxidation of the hydrolysed ester by permanganate in acid or 
alkaline solution. H. W. 


Bis-tropic Acids. Julius vox Braun and Ludwig Neumann 
ilkr, 1920, 53, [jB], 594— 601).-The experiments were under- 
takeii with the ph anna col ogically interesting object of determining 
the extent to which it is possible to introduce dou% the group 
-ClKCHc-OHj-COaH, characteristic of tropic acid, into the 
aromatic^ nucleus. 'Unfortunately, the derivatives from m^xylene 
exhibit little tendency to crystallise, and cannot be distilJed with- 
out decomposition, whilst the crystalline compounds from 0 - and 
/Lxylenes could not be prepared on a sufficiently large scale owing 
to the prevalent scarcity of the parent hydrocarbons. 

Ethyl 7 >-phenylenediacetate readily condenses with ethyl 1 01 mate 
ill the presence of sodium and ether to 

mcdhylene-g-phenylenediuretafe, C[;H 4 [C(.CH*OH)-C 0 ] 2 j p- 

11 2 A 14°; the substance is immediately and completely soluble 
dilute alkali or sodium carbonate solution and m alcoholic so n- 
tion gives an immediate, very dark bluish -violet co ora ion 
ferric chloride. It readily yields a pale green, basic ' 

and is transformed by aniline into the corresponding d , 



i. 440 


ABSTKACTS OP CHEMICAL PAPERS. 


plienylacetates, the ester appears to have absolutely no tendency 
to pass into the ketonic form, and this fact appears to afford a 
certain amount of evidence against the aldo-enolic formulation of 
the former. An ethereal solution of the ^-phenylene ester is 
readily reduced by activated aluminium (yield, 50%) to ethi/l 
p - 2>hen ylenchktropate [ethifl h khydroxymethyl - p - 'phenylenedl. 
aixtatei C6H4[CH(CH2'0H)-C02Et]., m. p. 65—66^, which is 
hydrolysed by aqueous barium hydroxide to ^-phenylenehutroyic 
acid, shining leaflets, ra. p. 93 — 94°. 

Ethyl m-pheriyhnedmcctate, colourless liquid, b. p. 196 — 198'^/ 
14 mm., condenses readily with ethyl formate, yielding a product 
which gives an. intense bluish -violet coloration with ferric chloride, 
but which could only be obtained as a rather viscous, non-crystal- 
Usable oil, which decomposed when distilled even in a cathode 
vacuum. The reduction product is klso an oil, whilst the acid 
corresponding with it could only be obtained as a sticky mass. 

Ethyl diformyl-Q-phenylencdmcetate, prepared in the same 
manner as, but rather more readily than, the corresponding para- 
derivative, forms dark yellow crystals, m. p. 77 — 78°, and behaves 
solely as an enolic form . It ia readily soluble in sodium carbonate, 
gives an intense blnish-greeii coloration with ferric chloride, a 
moss-green copper salt, and a dark yellow anilide^ m, p. 200^. 
Like the para-compound, it loses water and forms diphenylcarb 
amide when treated with phenylcarbimide. Unlike the para-com- 
pound and all other formyl derivatives, however, it gives an intense 
permanganate-like coloration when its solution in ^kali is shaken 
with benzoyl chloride, and an amorphous, violet precipitate rapidly 
separates. 

Formation and Stability of Associated Alicyclic Systems, 
I. A System of Nomenclature, and some Derivatives of 
Methane-II-cyc^opropane and of Methane-III-c?/cfopropane, 

Richaru Moore Beeslev and Jocelyn Field Thorpe (T., 1920, 
117, 591—620). 

Preparation of Mellitic Acid. Richard Lorenz and Juiiua 
Hausmann (D.R.-P. 318200; from Ghem. Ztnir., 1920, ii, 492).- 
Mixtures of finely divided carbon or soot with tar, pressed into 
rods or plates and subsequently heated in the absence of air, are 
subjected to anodic oxidation in an alkaline electrolyte; tne 
liberated hydrogen may be obtained as by-product if a diaphragni 
is used. Soot may be replaced by other finely divided varieties ot 
carbon, such as wood charcoal, lamp-black, or gas carbon, ei 
alone or in admixture with soot. Solutions of sodium or potassium 
hydroxide, or of alkali carbonates or hydrogen carbonates, ay 
be used as electrolytes. 

Some Derivatives of 2 : 4-Dinitrobenzaldeliyde. 

Lowy and Blaine B. Wescott {J. Amer. Ghem. 

42, 849— 856).— A number of condensation products of 2:4-ai' 
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iiitrobeuzaldehyde with aromatic amines are described. No 
evidence of stereoisomerism could be observed among them, and 
attempts to isolate the intermediate additive compounds were 

ynsuccessful. 

2 . /^.BmtrohenzyMejie-m^ol^ e, CV,H.(NOo)o-CH:N-CeH 4 M©, 
yellow needles, m . p . 130° ; 2 : 4-d in iirohen zifJ iden e-m-A-ri/luHn-e, 
C-H 3 (N 02 ) 2 *CHIN*C 6 H 3 Me 2 , yellow needles, in, p. 210-5°; 2:4-^//- 

Jtrob enzylidenerZniiro -p-i o/ u id in e, 

C 6 H 3 (N 02 )o-CH:N'C,,H,^Me'N 0 . 2 , 

yellow needles, m, p. 195°; 2'A-dinifrohenzfdidene-\p-c7t}fwfine, 
C.H 3 (N 02 ) 2 *CH!N*CyH 2 Me 3 , yellow needles, m. p. 186-5*^; 'todium 
0 • 4,^Ivnitroh enzylidenesidph a nil at e , 

CoH 3 (N 0 . 2 )o*CH:N-CcH^-S 03 Na,H 20 , 
pale yellow crystals, decomposing at 249°; sodium. 2:A-diniin)- 
henzi/lid.enemetanilate. (SH^O), yellow needles, decomposing at 
185°' sodktvi 2 •.A-dinitro>b€7izi/lidenenaphthiofUit(’, 

' CoH 3 (NOo) 2 ‘CH:N-C\,H,*S 03 NadH 20 , 

orange needles, decomposing at 248°. By condensation with 
(iimethylaiiiline, 2 : 4-dinitrobenzaldebyde yields a green dye, 
doubtless a derivative of malachite- green. J. K. 


Constitution of the Methylethylc^c?ohexanone prepared 
bv Ethylation of l-Methylc^c/ohexan-6-one. A. Haller and 

R. Cornubekt (Compt. rend., 1920, 170, 973 976). — The com- 
pound previously prepared by the ethylation of l-methylc/zr^o- 
hexan- 6 -one in the presence of sodarnide (compare A., 1913, i, 984) 
is shown to be 1 -ethyl-1 -methylc//r/ohexau-G one. Like diinethyl- 
r./rmhexanone (compare this vol'., i, 390), it. gives a beiizylideiie 
derivative, which is bdjcnzyl idcn t- \-viet!iyl-\-e t /?.y/cyclo//.r.w»-6 one, 
p 7 g — 78’5°, and a cvmpo-und, 00311 . 2 ^ 0 .,, ni. p. 148 -150°. 

W. G. 


Hydroxycarbonyl Compounds. IV. Synthesis of Asppinoh 

P Karrer and Fr. Widmer {Udv. Chtm. Ac.Ut, 1920, 3, 
.■!92-395. Compare A., 1919, i, 160, 592, 594 ).-By com 
densation of butyronitrile with methyl phloroglucinol ymono- 
methyl ether in presence of hydrogen chlonde, a mixture of 
two ketones, OMe-C 6 HMe(OR),,-COPr-, was produced, which can 
lie resolved into its components by fractional crystallisation fiom 
light petroleum. The less soluble, m. p. 140--141 . gave a green 
colour with ferric chloride, and its identity "with a^spi ° ’ 

A., 1902, i, 37) was established by direct comparison. Ihe mo 
soluble, needles, m. p. 116h<;, gave " 


116' 5°, gave a ac-ep i 

ferric chloride, and was called il^-aspuhnoi. nritrinal 

are doubtless the 3 - and the 5 -butyryl 'lenvatives oMhe ongina^ 


compoundr''of' which aspidinol has been 

3-butyryl derivative (Bohm); but this would he contrary to the 

rule that in such compounds the isomende wit ® Tnlltinv 

in the para-poeition to the methoxyl group has a lower melting 
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point and a greater solubility in light petroleum than the ortho- 
isomeride (Karrer, A., 1919, i, 592). The distribution of tte 
formulae between the two compounds is therefore left undecided. 

J. K. 

The Ketimines : Formation hy Catalytic Reduction oi 

Oximes. Georges Mignonac {Gompt. rend., 1920, 170, 936 — 938) 

Ketoximes may be reduced in solution in absolute alcohol in tlie 
presence of reduced nickel by shaking the solution with hydrogen 
under atmospheric pressure. The action should be stopp^ when 
one molecule of hydrogen has been absorbed for one molecule of 
oxime. The resulting ketimines undergo hydrolysis by traces of 
moisture with varying degrees of readiness. In this way, ci/rJ,,. 
hexanoneoxime yielded 'N-cyc\ohe.rji/lcyc\ohF,ri/JuIefiekef inline, 

b . p . 1 1 7— 1 1 8° / 9 m m . , Df 0 • 940 , /? g" 1-4972, giving a ht/drorh loruf(\ 
m. p. 180° (decomp.), Acetophenoneoxime yielded phenyl mcihijl 
hetimine, CPhMe'NH, isolated as its hydrovldoride. Propiophen- 
oneoxime gave phenylethylkeiimine, yielding a hydrochloride, in. p. 
145°, an nvet^/l derivative, m, p. 125°, and a condensation prodiirt 
^-a-phej}ylpropyll}henyhthylkefimini\ CPhEt'N’CHEtPh, b. _ p. 
170— 171°/9 mm. Benzophenoneoxime yielded diphenylhefimine 
CPh.,!NH, and phenyl-a-naphthylketoxime gave plienyl-a-naphfh4 
hcfimlne, CjnII.-CPhlNH, m. p. 68—69°. The imine group appear 
to become more stable with respect to water as the groups attachei 
to it become more electronegative in character, the stability o 
the ketimines described above increasing in the order in which they 
are given. 

Carminic Acid. Otto Dimroth and Hans Kammerer {Ber., 
1920, 53, [i?], 471— 480).— It has been shown previously (A., 1913. 
i, 977) that carminic acid is a hydroxyanthraqninone, and the 
similarity of its absorption spectra and tinctorial properties to 
those of kermes dye (A., 191 6, i, 561) points to the conclusiou that 
it, like the latter, is a hydroxyanthrapurpurin. This is now shown 
to be the case. It is also found that complete acetylation of 
carminic acid yields an octa-acetyl derivative. Since, however, 
only four hydroxyl groups are present in the anthraqniiione 
nucleus, it follows that the remaiiiiiig four must be present in the 
side-chain, to which the composition has been previously 

assigned. If, now, one oxygen atom of the latter is present in an 
ethereal, aldehydic, or ketonic form, a modification of the formula 
becomes essential, and the side-chain is now considered ^ 
the alteration being found to give calculated values which 
agree with the observed analytical data as well as did those based 
on the older formula. The constitution of the side-chain has not 
been fully elucidated. It appears probable that it has a sugai- 
like structure, although carminic acid is certainly not a glucosid^ 
It contains at least one asymmetric carbon atom, since carminic 
acid is now found to be optically active, and this phenomenon 
eanuQt be attributed to the structure of the nucUus, since kerme'ic 
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acid, and also the less closely related laccaic acid, are optically 
’ inactive. The structure of carminic 

acid, as far as it has been elucidated, is 
expressed by the annexed formula. 

Under suitable conditions, carminic 
acid is reduced by zinc dust and glacial 
acetic acid to a leuco- com pound, which 
is converted by atmospheric oxidation 
deoxycarmink acMy yellowish-red needles, which is best 
nurihed by conversion into its acetyl derivative, orange-yellow 
leedles, m. p. 245—250° (decomp.). The loss of a ^-hydroxyl 
Ironp during the rednction has its parallel in the cases of kermesie 
acid and hydroxyanthrapurpnriii (Dimroth and Fick, A., 1916, 
i 561), whilst the presence of two hydroxyl groups in the 1 :4-po3i- 
tion relative to one another in the reduction product is shown by 
its oxidation to a diquinone, from which carminic acid is 
ref^enerated by the action of acetic anhydride and sulphuric acid. 

Octa-acetyl carminic acid is most, conveniently prepared by the 
action of acetic anhydride and a little concentrated sulphuric acid 
oil carminic acid at the ordinary temperature. When, however 
■amnnic acid is warmed with acetic anhydride in the absence ol 
. catalyst, a hexanieetyl derivative, yellowish-red. cubic crystals, 
Ahich soften and decompose at 170°. is smoothly formed; two 
hvdroxyl croups in the a-positions on the nucleus remain nnalTeeted, 
,inee the "substance is readily converted by lead tetra acetate into 
an unstable diquinone, which is reduced by sulphurous acid to the 

[a]”- +51-6° in aqueous solution, whilst oeta- 
acesylcaminio acid has [a]!' + 80-55° m ch orotorm Deoxy^ 
carminic acid is strongly active, but the acetyl derivatnes o( 
kermesie and laccaic acids are completely inactive. H. 

The Acetylation o! Hydroxyanthraquinones and Anthra- 
diouinones. Otto Dimroth. Otto Friedemann, ana Hans 

(Ber 1920, 53 , [«], 481-487),-Iii connexion with the 
observations made during the acetylation of 

ceding abstract), the authors have investigated ^ 

varioL hydroxyanthraquinones when similarly j" 

th™ ^itl generally, the hydroxyl groups in the 
less readily attacked than .insists in 

method for the preparation of 0ace y hvdroxy- 

allowing calculated quantities of acetic auhydndi^^^ id ^c hydroxy 
oimpound to react in cold pyridine ^oh.tio. ; J th an excess 

anhydride, the ^ Y ^cctylaled when boiled 

2-Hydroxyanthraqiunone is completely 
for ten minutes with acetic J! i attacked ; after six 

ditions, 1 -hydroxyanthraquinone IS sc acetylated. 

hours’ treatment, however in hot pyridine 

Vnrpurin 2-ncetaie, prepared from the P -[72—173°, and 

solution, forms orange-coloured crys as, m A • ^i,jip,i,rpnrin- 

oxidised by lead peroxide or lead tetra-acetate to ^ a jy t 
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quin-one, straw-yellow, slender needles, m. p. 167 — 168°. Alizarin. 

XO*C‘C(UH):C-OAc , 

hordeaux 2-acetate, C!fiH. 2 (OH) 2 <QQ.y.Q^QjiyQj£ > rec 

laeedlea, m. p. 246—247°. Ilydroxyanthrapurpurin 2:l-diacetatt 
crystallises in orange-coloured needles, in, p. 224 — 225°, and ij 
oxidised by lead tetra-acetate to an unstable diquinone, which waj 
not obtained in the crystalline condition. 

An improved process for the oxidation of quinizarin tc 
1 :4 ;9 : 10-anthradiquinone, either by means of lead peroxide oi 
lead tetra-acetate, has been worked out (compare Dimroth ami 
Schultze, A., 1916, i, 563). In a similar manner, mono- and di 
bromoquinizarin are oxidised to 3- bromo-1 A :d : 10 -anthradiqvk 
(yne, straw-yellow, flat needles, m. p. 212 — 214° (decomp.), and 
2 : Z-dibromo-l : 4 : 9.: lO-anthradiqiiinone, yellowish -green, six-sided 
leaflets, which become red without melting at 300°, r^pectively. 

Pnrpurinquinone 2 -acetate is transformed by acetic anhydridf 
and sulphuric acid into tetra-acetoxyanthraquinone, m. p, 205^, 
which is hydrolysed to 1 : 2 : 3 : 4-tetrahydroxyanthraquinone. 

H. W. 

Constituents of Indian Turpentine from Pinus longifolia, 
Roxb. I. John Lionel Simonsen (T., 1920, 117, 570—578). 

Hot Vulcanisation of Caoutchouc. P. Kirchhop [Kolbid 
Zeitsch., 1920, 26, 168— 173).— A theoretical paper in which the 
author ’criticises the views of Harries (Untersuch. noturlich. 
KiinsfUch. KaufschuUrfen) (A., 1916, i, 659). The author claims 
that, previously to Harries, he had put forward the physico 
chemical j)nnciples on which the hot vulcanisation of nibber tales 
place. Several experiments with lead oxide and lead sulphide 
mixed with small quantities of sulphur and _ a small quantity of 
sulphur-free organic catalyst are described, which show that vulcan- 
isation can be effected with other substances than sulphui. In 
view of the advances in the knowledge of the constitution of rubber 
by the work of Harries, and the behaviour of depolymerised rubber 
on bromination (Schmitz, Guwriii Zeit., 1919, 34, 1937), it is held 
that the chemical interpretation of the vulcanisation process is 
likely to undergo many modifications. J. S’- S. 

Artemisin. P, Beetolo {Gazzetta, 1920, 50, i., 109—113).- 
The conclusions concerning the constitution of artemisin drawn 
from the author’s previous investigations (A., 1904, i, 177; 1905, 
i, 224, 897; 1908, i, 560; 1911, i, 898) are briefly summarised. 
Short ’descriptions are now given of the products obtained by the 
action of various reagents on artemisin; the constitutions of these 
products are to be discussed later. , 

The action of dilute sulphuric acid (1:1) on artemisin at 
temperatures below 60° yields a white, crystalline compound, m. p. 
286° fain -84’16°, insoluble in alkali carbonate solution,^- 
soluble in alkali hydroxide solution, from which it is 
unaltered by means of carbon dioxide; in this compound, we 
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lactonic linking is preserved, but not the ketoiiic carbonyl, which 
appears to be converted into the phenolic group, C*OH, with form- 
ation of a desmotropo-artemisin. The action of more concentrated 
sulphuric acid at 100'^ gives a red oil, which solidifies on cooling 
and dissolves almost completely in alkali carbonate solutions, and 
appears to be identical with the dextrorotatory artemisic' acid 
obtained by the action of hydrochloric acid on artemisin. 

Treatment of artemisin with hydriodic acid and red phosphorus 
yields an acid compound, which somewhat resembles artemisic acrid, 
l 3 Ut has the lower m. p. 98° and the higher specific rotation 
[a]D + 72’3°. This compound forms white crystals, but gradually 
reddens and partly resinifies on exposure to light. It is also formed 
when artemisin is treated with iodine in alcoholic solution, and is 
probably a product of the further reduction of artemisic acid, 
from which it is apparently formed by reduction with sodium 
amalgam. 

Acetic anhydride does not act on artemisin, but acetyl chloride 
converts it into the pale yellow circett/l compound, Cj^.-H^yO^Ac, m. p. 
200°, [a]ji ~ 52-60°, which, ^ when hydrolysed with potassium 
hydroxide, giv6s, not artemisin, but a moderately stable acid 
ampmnd, m. p. 200°. 

According to the conditions employed, the action of chlorine on 
artemisin yields one of three chloro-derivatives, ni. p. 135°, 230°, 
and 180° respectively. 

Keduction of artemisin by means of sodium amalgam gives, in 
dmost theoretical yield, a crystalline, optically inactive, acid com- 
mnd, m. p. 170®, the harima salt and cthijl ester of which have 
)ecn analysed. 

Exposure to light of a solution of artemisin in 50% acetic acid 
nr about two mouths at a temperature never exceeding 35° results 
11 the formation mainly of a white, crystalline compound^ m. p. 
!42°, which exhibits lactonic and pheiinlic functions, and appears 
;o be a new desmotropic form of artemisin. Exposure of the 
ame soluriou to light during the summer months, when the 
•emperature may sometimes reach 45°, yields principally a white 
idd, m, p. 168°. 

Barium hydroxide on heating strongly attacks artemisin, giving 
U-defined decomposition products; from the resinous substances 
ibtained, an acid compound, m. p. 168°, which does not react with 
^henylhydrazine, was with difficulty isolated in an inipiire 
condition. T. H. P. 

Action -of Sulphuric Acid on Artemisin: demoiropo- 
Artemisin. P. Beutolo [Gazzetta, 1920, 50, i, 114—119. Com- 
pare preceding abstract). — l-desniotroparirfcwfWrt-, Ci 5 H]^ 04 ,^ pre- 
pared by the action of dilute sulphuric acid on artemisin at 
temperatures below 60°, forms white, fialteued crystals, m.^ p. 
236°, and, when treated with boiling solutions of alkali or alkaline- 
Jarth hydroxides, yields the corresponding salts of an unstable, 
fnonobasic hyefroxy-acid ; when the latter is liberated, it under- 
goes ready conversion into the original lactone. With sulphuric 
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acid and ferric chloride, troj70-arteini3in gives neither the 

santonin nor the artemisin reaction, but remains undissolved and 
without coloration even in the hot. 

In aqueous solution, the harium salt, (Ci4H2903*C02)2Ba, gives: 
with silver nitrate, the flocculent silver salt, which turns brown 
ill the light and decomposes with formation of a silver mirror in 
the hot; with copper sulphate, a bluish-white precipitate; with 
lead acetate, a flocculent, white precipitate, somewhat soluble in 
excess of the reagent; with ferric chloride in the cold, no pre. 
cipitate, whereas in the hot, a red, flocculent precipitate slowly 
forms. 

.Ic^!i//M-desmotropo-acte»u'sin, CisHiyOg-OAc, forms aggregates 
of radiating, shining crystals, m. p. 154 — 155°, [o]j, — 66 90°. 

Zinc dust and acetic acid are without action on Mesmolropo- 
artemisin, no acid analogous to the santonous acids being obtained 
in this way. 

Rutin, the Flavone Pigment of Escholtzia calif ornica, Cham. 

Charles E, Sando and H. H. Bartlett (/. Biol C hem,, 1920, 41, 
495-501).— Nearly 5% of rutin is present in the petals of 
EschoUzia calif ornica , It crystallise in fine, dense tufts of silky 
crystals, m. p, 190—192° (uncorr.). The accepted constitution of 
rutin (quercetin-glucoso-rhamiioside) is supported. Quercetin, 
m, p. 310°, glucosazone, and rhamnosazone were isolated after acid 
hydrolysis. 

Solubilities of Theobromine. Raymond V. Wadswortf 
(A nalyst, 1920, 45, 133— 134). -The recorded solubilities for theo 
bromine are inaccurate, the error apparently originating wit! 
Mitscherlich, whose values for the solubility of the alkaloid in 
chloroform, ether, and water are much too high. The impurity to 
which this is to be attributed appears to have been caffeine. The 
following amounts of pure theobromine were dissolved by different 
solvents at 15 '5° and at their boiling points respectively : ethyl ether, 
0-003 and 0-003; benzene, 0-005 and 0-010; carbon tetrachloride, 
0-020 and 0-040; chloroform, 0'060 and O'OTO; boiling absolute 
alcohol, 0-100; water, 0-060 and 0-700; tetrachloroethane, 0-090 
and 0-870 ;"and aniline, 0-650 and 8-000%. C. A. M. 

The Tropine and Cocaine Series. II. Julius vox Braun and 
Kurt Rath (Ber., 1920, 53, [B], 601— 614).— In continuation of 
previous work (von Braun and Muller, A., 1918, i, 233), the authors 
have further examined the influence of the relative positions ot 
the hydroxyl group and the basic nitrogen atom and of the intro- 
duction of double bonds on the physiological activity of tfte 
tropeines. Sufficient evidence has not, however, been collected o 
enable any general conclusion to be drawn with regard to mydnaii 
action. The anaesthetic power, however, seems to attain hs waxn 
mum when the hydroxyl group is in the y-position to the nitrog 
atom, and, if this condition is fulfilled, to be independent ot 
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special mode of attachment of the hydroxyl group within the 
molecule. It is also iUcreased by the introduction of double bonds 
into the seven-membered carbon ring. 

Xropane is most conveniently converted into iiortropane accord- 
ing to the method of Willstatter and Iglauer, an elaboration of 
® which is fnlly described. The latter 

Qtl — UH CHj is transformed by ethylene oxide into 

1 tr An (annexed 

* formula), viscous oil, b. p. 127 — 128°/ 

— UH. CHg 13 mm., which yields a hf/drochlaridc, 

^ colourless, hygroscopic needles, in. p, 

157° a platinichlo'ride, red needles, which decompose at 194 — 196°, 
picrate, long, yellow needles, m. p. 181°, a methiodulc, leaflets, 
in p. 261°, and an oily henzopl derivative {liydrochloridc, m. p. 
It8°). Introduction of the tropic acid residue is effected in the 
manner previously adopted with mydriasin [loc, cit.)-, the substi- 
tuted amine ^ however, is an oil, and yields a non -crystal line 
hijdrochloruie, hydrohroviide, omiate, aunchloride^ and plativi- 
Soride. The methiodide forms colourless leaflets, ni. p. 

137-138°. ^ .... 

'^-YEydnrx/ypropijlnortroimie is prepared in the form of its 
oily henzoyl derivative {hydrochloride, crystalline powder, m. p. 
162°) by the action of y-bromopropyl benzoate on nortropane; it 
is a colourless, moderately viscous liquid, b. p. 141 -143°/ 22 mm., 
and forms a picrate, yellow needles, m. p. 121°, a hydrochloride, 
m p 155°, platinichloride, slender, yellow needles, m. p. 166°, and 
methiodide, m. p. 261°. '^-i^yttrohenzoyl-y^o.ippropylnorfroiHin^ 
m. p. 40° {hydrochloride, m. p. 236°; pirraie, m. p. 186°), is pre^ 
iiart d from the tropane and ^>nitrobenzoyl chloride, and is reduced 
by stannous chloride to the ^ 7 -aminobenzoyl hose, which is an odour- 
less, viscous oil {dihydrochloride, m. p. 215 -216° after softening 
at 211°; platirmhloride, m. p. 217° [decomp.]; iterate, irn p^ 
150°); the acetyl derivative could only be obtained as an oil, wmen 
rives a picrate, yellow, crystalline powder, m. p. 113°. The intro- 
duction of the new amino-group has very little effect on the 
logical action of the base, probably since it does not markedly 
increase the already basic properties. y-Hydroxypropylnortropane 
is converted into its tropate in the same manner as the correspond- 
ing j8-derivative. Like the homologous tropeine, however, it is an 
oil, and yields oily salts; the meihiuduh is crystalline and has 


in. p 111° 

£f-Hydrox,/am!/Iiwrtrop(WC is obtained as an oily henzoyl denv- 
ative {hydrochloride, m. p. 181°; pMiiuclih/ruk, P- > 
Iterate, m. p. 112-113°) by the action ol e-broTnoamyl benaoate 
on nortropane; it is a transparent, rather viscous iqui , . 

!74— 176°/20 mm., which yields a picralc, yellow leaflets, . p^ 
97°, a idatinkhlorhk, yellow needles, m. p_ 202 , and a 
mil, iodide, which d/es not melt below 270°. The 
fropeme is obtained by the aid of acetyltropyl chloride, it rs an 
oil, which only yields oily derivatives. 
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^-^-Hydroxyethylmyrtropidine (annexed formula), colourless, 
rather viscous oil, b, p. 115 — 11 70, 

CH,— CH CH2 12 mm., is prepared by the action of 

I lir P TT OPT \cTT ^l-hyleiie oxide on uortropidine in 
jS'U^fcl^’UU chloroform solution in the presence 

UIT.-— UH CH of a trace of water 5 it gives a 'gintm- 

chloride, long, yellow needles, id. p. 
158"^, a picraie, orange leaflets, m. p. 162°, and a coarsely crystal- 
line mtthmMe, which does not melt below 270°. The Icnzotjl 
derivative is an oil, the hydrochloride of which has m. p. 184^ 
The tropyl derivative closely resemhles that obtained from 
e-hydroxyamylnortropane; the oily methiodide could, however, be 
couverted into a crystalline pldtiiiichlonde^ 03^1152 
yellow, crystalline powder, m. p. 139° (decomp.), after darkening 
above 120°. 

' The benzoyl derivative of iY-y-hydroxypropylnortropidine, pre- 
pared from nortropidine and y-broinopropyl benzoate, is a moder- 
ately viscous, non -crystal Us able oil, which yields a hydrochloride^ 
m. p. 165—167°. It appears to be smoothly hydrolysed to 
but lack of material prevented tie 

fuller investigation. 


TriphenvlpVTidine, Acetophenonine, and Acetophenine. 

W. Dilthey and F. Kiefer {Ber., 1920, 53, [5], 621 622).— It 
has been shown recently by Reddelieii (this vol., i, 316) that 
Bugler's acetophenonine [described in the latest edition of Beil- 
stcin's Haiidbuch as acetophenine] is identical with triphenylpyr- 
idine. This is confirmed by the authors, who have further prepared 
the triuitrotriphcnylpyridiiie described by Bugler and Heine. Like 
Reddelien, they find that the yields of triphenylpymdme obtain- 
able from acetophenone and benzaldehyde or benzo nit rile are veiy 
small, and consider the substance to be most conveniently pr^ 
pared by the action of ammonia on arylated pyrilium salte. 


Formation of 4-Benzyl-3-metliyl-5-pyrazolone. Tras- 
CESCO Cherchi {Gazzetta,^ 1920, 50, i, 120 127). i-Beticy 

,netkyl-5-p,jra:olon.e, obtain^ by the acta 

of hydrazine hydrate on methyl or ethyl a-^&nzy^^^etoawtate in 
aqueou^alcoholic solution, foirnis white needles, m- p. 228--^ ■ 
When treated in alcoholic solution with sodium ethoxide, it yieia^ 
the sodium salt, CnHnON.Na, and a compound, ^ 
in needles, m. p. 141—142°. The 

forms yeilow needles, m. p. 154-5°. U, S 

methyli-yyrazolone, CnHuONoAc, forms silky, white needle. 

m. p. 128—129°. n TT rnvj lire- 

4-5euz,v?-3-mfiAyM( ?)-e^Ay?-5-p//m2o/ouc, j - 

pared by the action of ethyl iodide on the pyrazolone ^lissolved 
sodium ethoxide solution, crystallises in large, colour es^ p 
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JO. p. 177°, and is accompanied by a yellow, oily compound, whicli 
is to be investigated later. T. H. P 

Dibutylbarbituric Acid. 0. Kamm and E. H. Vollwkilkr 
(tJ.S. Pat. 1331712).-Tr-To the solution of 40 grams of sodium in 
1000 c.c. of absolute alcohol are added 157 grams of ethyl dibutyl- 
malonate (prepared by the interaction of butyl bromide and ethyl 
malonate in the presence of 2 mols. of sodium ethoxide) and 
50 grams of carbamide, and the mixture is heated for six hours 
under pressure at 100 — 110°. The alcohol is then removed by dis- 
tillation, water is added, and dibutylbarbituric acid, colourless 
needles, m. p. 158°, is precipitated by hydrochloric acid, the yield 
being 130 grams. The substance has pronounced sedative 
properties with but alight toxicity. Chemical Abstracts. 

The Cyanine Dyes. I. The Constitution of the woCyanines. 

William Hobson Mills and Robert Scott Wishart (T., 1920, 
117, 579—587). 


Dyes Derived from 1 : S-Dioxyisoq^oline [o-Homo- 
phthalimide]. W. Herzog {Ber„ 1920, 53, [Zi], 564— 567).— Homo- 
phthalimide is readily condensed with a-isatin anilide in acetic 
anhydride solution to yield 1 : d'dioxyAAsoquimline-'l^'iTidoleindujo 
[1 : ^-diketo -A(^2')-indoxyltetrahydrois,o- 



quinoline] (annexed formula), reddish- 
violet, amorphous powder, m. p, about 
270°, which is readily decomposed by 
dilute solutions of alkali hydroxides, but 
can be converted into its leuco-compound 
by zinc dust and acetic acid ; it gives dark 
violet shades on wool. Similarly, 


jS-isatin anilide yields l:Z^dioxi/A-koquinoUne-'^'-indoleindigo [1:3- 
diket<}-A{3^yindoxyltetrahydrois.Qguinoline]^ brown needles, m, p. 
about 300°, which is slowly decomposed by cold alkali hydroxide 
solutions. It can be reduced by hyposulphite in the presence of 
alkali or by zinc and acetic acid, but the vat is devoid of tino 
torial properties. 1 :Z~Dioxy-^-i^oquinoline-2^'thionaphthenindigo 
[1:3: ^f~Triketo-^2')-thionaphthentetrahydrokoquindine], ^ from 
O'homophthalimide and thionaphthenquinoneanilide, crystallises in 
yellowish-red needles, m. p. about 250° (decomp.). The leuco- 
compound can be prepared in the usual manner, but has little 
affinity for the fibres, giving fugitive cherry-red shades on wool and 
pale pink tones on cotton. 


The Stabilisation of Nitrous Acid in Connexion mih 
Reactions carried out with this Compound ; Applications 
to Diazotisation. E. Briner and R. Jonas {Heh. Acta^ 

1920, 3, 366— 369).— The reversibility of the decomposition cf 
nitrous acid int(y nitric acid, nitric oxide, and water suggests that 
solutions of the acid should be stable in presence of nitnc oxide 
under pressure. This principle has been successfully applied to 
VOL, cxvin, i. 
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the diazotisafcion of dinitroaniline, tribromoaniline, and 
benzeneazo-o-naphtiiylamine, which is difficult under ordinary con- 
ditions, by condensing nitrogen trioxide in a cooW tube containing 
the amino-compound and hydrochloric acid, sealing the tube, and 
allowing the temperature to rise. Picramide was not diazotised 
by this treatment. The value of the use of compressed air, prc^ 
posed in the case of the last of the above three compounds 
(D.R.'P. 143450), is probably to be explained in the same way. 

J. K. 


Origin of the Hnmin formed by the Acid Hydrolysis oJ 
Proteins. V. Ross Aiken Gortner and Gkoege E. Holm (J. Amer. 
Okem Soc., 1920, 42, 821—827. Compare this voL, i, 400),- 
Pursuing their inquiry as to the nature of the reaction by wbici 
humin is produced, the authors prepared _ artificial mixtures of 
thirteen of the amino- acids commonly obtained by the hydrolysi? 
of proteins. Such mixtures, when boiled for twenty-four hours 
with hydrochloric acid in presence of either trioxy methylene or 
tyrosine and trioxym ethylene, or tryptophan and tyrosine, gave no 
insoluble humin; but this was produced when tryptophan, tyrosine, 
and formaldehyde were present. The reaction is therefore 
dependent on the presence of tryptophan, and can serve as a 
auWative measure of the amount of this substance present. 
Similarly, soluble humin is derived from tyrosine, but, owing to 
its solubility, the amount is not a quantitative measure of the 
tyrosine. Phosphotungstic humin was produced to an equal 
extent in all the experiments, and may represent only an adsorp^ 
tion phenomenon. It is specially noted that the ammo-group of 
cystine was not displaced in these experiments. J. K. 


The Action of Thrombin on Fibrinogen. John Oolkthokpe 
Wakelin Barratt (Biachem. J., 1920 , 14, 189-209) .-Eibrinoger 
in solution is diphasic, consisting of a concentrated phase whieh 
is dispersed, and a dilute phase which is continuous. ^ 

The action of thrombin is to form fibnn only from the fibrinogen 
in the concentrated phase, and is purely catalytic A hypottas 
of the mode of formation of fibrin fibrils is advanced^ men 
fibrinoc^en in the concentrated phase is converted into fibrin, the 
equilibnnm between the phases is disturbed, and mo^ fibrinogen 
^ses from the continuous to the disperse phase. This is then 
Averted ir/to fibrin. The " growth" of fibrin fibrils proceed^ at 
a 'unimoleoular rate. 


The Mode of Union of Iron in the Pr^thetic Gwup of 
Blood Piements and the Constitution of Hsemin. Wiiuam 
KiisTEE (Ber., 1920, 53, [B], 623-633),-Tlie commumcaticn u 
mainly deyoted to a reasoned, adverse ontie^m of the P 

pounded by Willstatter (A., 1915, i, 289). The author 
hia ideas (A., 1912, i, 670) that two of the “trogen ato 
hmmin are basic, and are so , j, 

groups that oh e nitrogen is uniWl to one carboxyl g V 
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j betaiue complex, leaving one carboxyl group, which alone 
can be easily eateritied. in support ot this hypothesis, it is 
jiow shown that the diethyl ether of haemaiopcyrphyrin, 
red, crystalline powder without a distinct melting point 
(the silver salt and the very hygroscopic dihydrochlaride are 
described), is transformed by a boiling 1% solution of hydrogen 
chloride in ethyl alcohol into an isomeric diethyl ether, needles 
(and is thus not esterihed), which is slowly converted by iV-hydro- 
chloric acid into the dihydrochloride of the original material; with 
more concentrated alcoholic hydrochloric acid solution, haemato- 
porphyrin diethyl ether is converted into tetraethyl haemato- 
yorphyr^n, steel-blue powder, m. p, about 91—93^. The action of 
diazomethane on hsemin has been investigated previously (A., 1918, 
i, 199), and this is now shown to diher fundamentally from its 
effect on the hydrochlorides of the triphenylmethane dyes, since, in 
the former class, the halogen atom is never removed, whilst in 
the latter series it is eliminated as methyl chloride, and the leuco- 
base is formed, It is therefore probable that the halogen atom is 
directly united to the iron atom, and this is rendered more probable, 
since measurement of the electrolytic conductivity of hsemin and 
its dimethyl ester in pyridine solution shows them to behave in 
the same manner as inorganic salts. H. W. 

Refractivity of Hsemoglobiu in Solution. Frederick H. 
Howard (/. Biol. Ghem,, 1920, 41, 537—547). — The refractive 
index of hjemoglobin solutions varies directly with concentration 
and is independent of the presence of other proteins, and of bases 
and salts in low concentration. The value of a for haemoglobin is 
0-00183. J. C. D. ' 

Haemocyanin. III. Ch. Dhere (/. Physiol. Path, gen., 1919, 
18, 503—526; from Physiol. Ahstr., 1920, 5, 7).— Haemocyanin of 
the snail can be obtained in a crystalline form by dialysis against 
distilled water, by exposing the blood to a potential difference of 
120 volts after dialysis, or cooling the supernatant liquid in the 
dialyser in ice. It may be purified by solution in a very small 
amount of iV/500-sodmm sulphate, from which it crystallises on 
cooling in ice. Haemocyanin of the rock lobster can be crystallised 
by the last method, and that of cephalopods by the method of 
Hopkins and Pinkus, using concentrated ammonium sulphate. The 
varying forms of crystals obtained are probably due to differences 
in the proportions of water of imbibition, not of hydration. 

^ . \V. G. 

Properties of the Nucleotides obtained from Yeast 
Nucleic Acid. P. A. Levbne (/. Biol. Chcm., 1920, 41, 483 — 493).— 
The work reported in this paper was carried out in order to clear 
up the discrepancies in the reported properties of the nucleotides 
from yeast, ^ .111 

Adenosinephosphoric acid, C;ioHi 407 NeP,H 20 ,is the most insoluble 
of the four nucleotides. It decomposes with effervescence at 195 

s* 
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foorrV ral5f-40-5° in 1% aqueous solution, “ 

g ajiioutammonia solution; [a]* -38-0° in 10% hydroeUorie 
acid, -59'5® in 2% sodium hydroxide, -66-0 in 5^ sodium 

'^^Guanosinephosphorio acid, Cio^uOsNsP^^O, ^eat- 

im? at 175° (corr.) and decomposes at 180 . [o]n -7 5 in water, 

+ 1-5° in 10% hydrochloric acid; [o]^ -44-0° in 5^ 
ammonia; [a]f-57'0° in 2% aqueous sodium hydroxide, -6o0 
in 5% aqueous sodium hydroxide. „ . , oqo omo 

Cytidinephosphoric acid, C,Hi408N3P. pnsms, d^omp. 230-M“ 
tcoril slow heating. [a]S+40-0° to 5“ “ 

[a]g +26-0° in 10% hydrochloric acid, 

+ 25-6° in 2% sodium hydroxide; [a]„+10 and 210, 
respectively, in 5 and 10% sodium hydroxide ^ 

^dinephosptoric acid, ^all bunches of needles 

m p 198'5° (corn; decomp.). Wo +3’5 ® ^ 

sodiL hydroxide, and -15 0° in 5% sodium hydroxide. 

Monoaimonium salt of uridinephosphonc acid fine, curve 
foM needles, decomp. 240°. Wif + lO'f “ 
in 10% hydrochloric acid, +14-0° in 5% ammonia, [ah, +l o. 
-lU°, -26 0°, respectively, in 2, 5, and 10% sodium hydroxi e^ 
Adenosine has [a]? -60'0° in aqueous solution, -43-6 in 10,. 

hydrochloric acid, -68-5° in 5% sodium hydroxide. 

^Uridine, [o]?* +4-0° in water, +5-0° in 10 /o hydrochloric aad. 

-6'0® in 5% sodium hydroxide. 1 1 j + i 

tL changes in the optical rotation are probably due to ^vera 
causes ammgst which tautomenc changes possibly play an 
important pari Adenosine and uridine show the same character 
of optical rotation as the corresponding nucleotides. J . L. O. 

The Theory ol Gels. 11. The Crystallisation of Gelatin 

Samuel Clement Bkadeokd {Bioehem. J ., 1920 14, Ml aup 
It has been previously shown (A., 1919, ii, 139) tha e 
gelation of the natural emulsoids is a ® ,11 

ing from the viscosity of these substances and from their very ®al 
d“fiusiou constants, Ihich greatly retard the e’T^talhsation of tte 
cooling sols, altering the accumulation of a '“8° ^ °° 
tion. Hydrosols of “crystal” leaf gelatin of 0 o and 0 3/,, « 
made, qmckly heated to 100°, and filtered into t*'°''™ghly clea , 

^W^rystlllising dishes. ^ small amount of mercunc chlort 

was added to prevent bacterial growth, and the soM 
allowed to evaporate at the ordinary temp^srature^ y ^ 
a precipitate, consisting of microscopic sphento 0 ^ 

diLeter, was obtained. From these results it ^ ^ /V 

that gelatiu crystallises from water exactly as • 

von Weimarn's theory. 

Swelling of Gelatin in Hydrochloric Acid and » 
Hydroxide. Dorothy Jordan I>loyd { Biockm . J -, ’ ^ 

147 — 170).— This paper furnishee further expenmental supp 
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theory which holds that gelatin is an amphoteric colloid, the 
neutral form of which is stable only at the isoelectric point 
4-6, 20°). The molecular weight is 10,000 or some miUtiple 
of 10,000. This neutral gelatin is only slightly soluble in hot 
vaster, and is insoluble in cold water. It may, however, combine 
^ith water to form complexes, perhaps of the nature of hydrates 
or solid solutions. On the acid side of 4 '6, gelatin functions as 
a multi-aoid base, giving rise to ionisable hydrochlorides, and at 

2*5 practically all the protein exists in the form of such salt. 
At lower hydrogen-ion concentrations than that of the isoelectric 
point, gelatin acts as a polybasic acid, forming ionisable gelatiiiates 
with bases such as sodium. The reaction with hydrochloric acid is 
reversible, that with sodium hydroxide irreversible. The form- 
ation of keto-salts in acids and enol salts in alkalis is postulated. 

Regarding gels, the^ author is of the opinion that they are two- 
phase structures consisting of a solid framework of precipitated 
neutral gelatin, with which is combined a certain amount of water, 
and an interstitial fluid which is a solution of gelatin salt. The 
volume of any system in the gel condition is determined by two 
opposing sets of forces, the elastic forces of the solid framework, 
which tend to make the volume contract, and the osmotic forces 
of the ionised gelatin salts dissolved in the interstitial fluid, which 
tend to make the volume expand. Hence neutral gelatin, being 
only one phase, cannot make a stable gel, but will make a gel 
which will be free to contract. Similarly, since the salt form of 
gelatin is a single phase, such cannot form a gel. Gelatin in this 
form will only form sols with water. 

The volume occupied by a gelatin gel swelling in a fluid medium 
depends on the ratio of the mass of the dissolved electrolyte to the 
mass of gelatin, on the geometrical form of the gel, and also on 
the hydrogen-ion concentration of the medium. Gels which are 
swelling in a weakly acid or alkaline medium lose water on being 
transferred to an atmosphere of saturated vapour. The aniount of 
water lost is a function of the reaction of the previous external 
fluid. This loss follows from the elastic properties of the gel, and 
is shown to be in accordance with the membrane theory of Donnan. 
Van Bemmelen’s theory that the surface of a gel is to be regarded 
as a solid membrane perforated by pores is confirmed by 
observation. C. D. 

Chemical Kinetics of Catalase. I. Catalase from Phyl. 
mit., Riv. Eiichi Yamasaki {Sci. Rq). Tohohi Imp. Univ.y 1920, 
9, 13—58. ■ Compare this vol., i, 194).— The velocity of decom- 
position of hydrogen peroxide by means of the catalase from 
Phyllosiachps mitis, Riv., has been investigated at 0°, 10°, 12-5°, 
18°, and 26°. The catalase is obtained by crushing an edible 
sprout from a species of bamboo with water saturated with toluene. 
It was observed that the activity of the catalase steadily decreased 
during the reaction. The velocity of the reaction is represented 
tbe equations —dCjdt — kEC and —dE jdt= jk .dCjdt — 

^'RC, where E and C are the concentration of the enzyme and 

2 
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hydrogen peroxide respectively, and k and the reaction constants 
The decrease of activity of the catalase is caused hy the substrate 
and the product of the reaction, and its rate is approximately pr^. 
portional to the principal reaction. The decrease of activity 
cannot be attributed to the change of the concentration of hydrocreii 
ions produced by the decomposition of hydrogen peroxide, because 
a similar decrease of activity also occurs in acid solutions where 
the hydrogen-ion concentration is constant. The relative activity 
of the enzyme is always proportional to its concentration if tke 
concentration of the hydrogen ion is maintained throughout the 
experiment. In a very dilute solution of hydrogen peroxide and 
a relatively concentrated solution of the enzyme, the activity 
increases in the first stage and then decreases. This may prohabW 
be explained by the following; (i) The ordinary reaction would 
be carried out at a rate somewhat higher than that calculated for 
a first-order reaction, (ii) The rate is decreased, by oxygen and 
hydrogen peroxide in ordinary cases, (iii) Such effects are observed 
only in the course of reactions in very dilute solutions, because the 
concentrations of both the substrate and the product are very 
small, that is, the velocity constant has a maximum value, (iv) The 
retardation occurs with a measurable velocity, which is approxim- 
ately proportional to the principal reaction. This explanation is 
in keeping with the observations of Waentig and Sleche (A., 1913, 
i, 304) for solutions which were rapidly stirred in a vacuum. 

J. F. S. 


A New Type of Addition Reaction. James B. Coxast and 
Alax' a, Cook. (/. Amer. Chtm, Soc.^ 1920, 42, 830—840. Com- 
pare A., 1918, i, 74). — The formation of ketophosphinic acids by 
the interaction of aj3-unsaturated ketones and phosphorus tri- 
chloride in presence of acetic acid is complete before the addition 
of water to the mixture, since the acid may be precipitated by the 
addition of benzene; acetyl chloride is the other product of the 
reaction. The first stage in the reaction with phenyl styryl ketone 
probably consists in the formation of the compound (I), since if 
acetic anhydride be used at the ordinary temperature in place of 
acetic acid, a mixture is produced of the acid chloride (II), a light- 
coloured, viscid oil, with an amount of the anhydride (III) which 
increases with the quantity of acetic anhydride employed. Water 
readily converts these compounds into jS-benzoyl-a-phenylethyl- 


CPh 0 

CH'CHPh 

(I-) 




CPh 0 

CH-CHPh 


>P0C1 


(II.) 


/CPh 

'vCH'CHPh-^ ^ 
(IIP) 


phosphinic acid, and they combine with bromine to give products, 
from which, by decomposition with water, ^-hromo-^-benzoijl<i‘ 
phenylethyl'phos'phinic acid, COPh'CHBr*CnPh’PO(OH) 2 , ?• 
196°, is produced. This compound may also he prepared by 
bromi nation of jS-benzoyl-a-phenylethylphosphinio acid. It is at 
once converted by sodium hydrogen carbonate, sodium carbonate, 
or sodium hydroxide into phenyl styryl ketone, sodium hrocuaC! 



ORGAOTC CHEMISTRY. 


i. 455 


and sodium phosphate. Its monophenyl ester, m. p. 179°, was 
produced by the action of phenol on the crude chloride obtained 
by treating with thionyl chloride either the acid or the product of 
tbe condensation of phenyl a-bromostyryl ketone with phosphorus 
trichloride and acetic acidj it is best prepared by brominating 
fheriyl ^-hemznyl^a-phenylethylphosphm^ m. p. 146°, which is 
obtained from the corresponding acid through the chloride. 
Diphenyl ^'henzoyl-a-phenT/lethylphofiphinate, m. p. 125°, results in 
small quantities in the preparation of the monophenyl ester, but 
is best obtained by treating the acid with two molecular proportions 
of thionyl chloride, and subsequently with phenol. It dissolves in 
cold sodium ethoxido solution, and is converted into the monophenyl 
ester. The monophenyl ester is also obtained by treating the mix- 
ture of the compounds (II) and (III) with phenol. It is accom- 


panied by the compound, 


CPh 0 

CH'CHPh 


^PO-OPli, an oil insoluble in . 


cold aqueous alkali, but convertible into the monophenyl ester 
either by solution in alcoholic sodium hydroxide solution or by 
treatment first with hydrogen chloride at 125° and then with water. 

J. K. 


Improved Method for the Preparation of Primary 
Arsanilic Acid. Hakold C. Cheetham and John H. Schmidt 
(/, Amer. Chem. Soc., 1920, 42, 828 — 829). — Pichter and Elkind's 
process for the preparation of arsanilic acid (A., 191G, i, 444) gives 
only a fair yield, but better than that of Kober (A,, 1919, i. 182). 
It was found best te heat a mixture of dry arsenic acid 
gram-mol.) with aniline (-| gram. -mol.) for twelve hours at 
150—160°, the yield of purified product being 26%. J. K. 


Aromatic Mercuridicarboxylic Esters. Walter Bchoeller, 
Walter Schrauth, and Richard Huetek (Ber.. 1920, 53, [7?1, 
634_643V — The non-toxicity of mercuridinroDionic acid and 
mercuridibenzoic acid in comparison with the highly toxic merenrv 
(liarvls or di alkyls has been shown by IMiiller. Schrauth, and 
Schoeller (A., 1911, ii, 755) to be attributable to the excretion of 
the former unchanged from the organism in which the latter are 
tlecomposed. The present inveriigaiioii deals with the nroduction 
of mercuridicarboxylic acids, which would be more readily decom- 
posed, and of their derivatives, which would not be eliminated, the 
ultimate object being an examination of their toxicity, the results 
of which are described elsewhere. 

^(ethvl o-c-hfoTom€rcvrihen?onfe, HgCbC,.II/CO.iMe, needles, 
p. 162° after softening at 142°. is prepared by heating methyl 
I’^nzoate, mercury acetate, and glacial acetic acid, separation of 

the methyl di- and mono-o-acetoxymercuribenzoates by means of 

acetone, and treatment of a solution of the latter in aqueous alcohol 
^'-ith sodium chloride solution, It is converted by hydrogen 
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sulphide in in ethyl- alcoholic solution into methyl 8vlfhi(iodimeTeur{. 
o-henzoate, S(Hg‘C,’,H 4 *COoMe) 2 , white, amorphous powder, which 
softens and gradually darkens when heated; the latter is trans- 
formed at 120*^ into methyl mercuridi-o-henzoate, colourless crystals 
which is hydrolysed by iV-EodiuTn hydroxide solution to mercuridi- 
benzoic acid, identical with the product prepared by Pesci in 
another manner. 

Methyl acetoxymercnrisalicylate, m. p. 202° (corr.) after slight 
previous softening, and methyl m.-chloTomer(yiirisaUcyl<itty 
HgCl-CX(OH)-C02M6, 

are prepared in the same manner as the corresponding benzoates 
and are similarly transformed into methyl mlyhidodimercxiri 
salicylate, white, amorphous powder, and methyl mercun'd,- 
scdicvlate, m. p. 178 — 180° (corr.). lUthyl acetaxym^ercurisalicylah 
needles, grouped in clusters, m. p, 206° (corr.) after softening at 
200°, is converted by saturated aqueous sodium thiosulphate solu- 
tion into ethyl mercundimlkvlate, m. p. 193° (corr.). 

Methyl merniridianthraviJcife forms small, yellow needles, m, p. 
196 — -197° (corr.) after slight previous decoloration, whilst mefhjl 
mercxtxidi-p-aminohe'nzoafe crystallises in yellow needles, in. p. 
176° (corr.). H. W. 

Phenylthiolmercuri-chloride. H. Lecher (j5er., 1920. 
53, r^l. 568— 577V — Tn continuation of previous investigatiom 
(A,, 1916. i, 41\, the author has endeavoured to prepare a mixed 
mercaptide of the type and. for this purpose, has 

studied the action of phenvlthiolTneTcuri-chloride, HgChSPh. 
on sodium ethvl suluhide ; reaction is found to proceed, for thp 
greater part at any rate, in accordance with the ennation 
2TTgCl-SPh-f 2NaSEt = 2NaCUHgfSPh)o -f Hg(SEt)o, althou?li 
the complete absence of the mixed mercaptide is not definite^ 
proved. The possibility that the chloride should he fomu 
lated ITg(SPh).-,.HgCh, appeared to be discounted by determination!: 
of the molecular weight in boiling ethvl acetate solution, whidi 
indicated the simple structure. The explanation of the course of 
the reaction is found in the observation that phenvlthiol- 
mercuri -chloride is dissociated in solution into mercury phentl- 
mercantide and mercuri-chloride. 2KgCbSPh ^Hg(SPh).,-f HgCl.,. 
The chloride can be readily prepared bv mixing solutions of eoui- 
valent amounts of mercurv phenvlmereaptide and mercuric chloride, 
and tbe latter can also be extracted from solutions of the merciiri- 
cbloride in organic solvents by sodium chloride solution. Further, 
if a solution of phenylthiolmercuri-chloride in pvridine is treated 
with ammonia, mercuric chloride is precipitated, whilst memiry 
phenylmercaptide remains in solution. 

Mercurv phenvlmercantide has been shown to undergo partial 
dissociation when heated into phenyl disulphide and uierciin 

(loc. cU.). It is now shown that phenylthiolmercuri-chlorKie 

behaves in an analogous manner; when heated, it exhibits therm^ 
chromism, and melts at 191 '5°, dissociating for the greater pad 
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into diphenyl disulphide and mercurous chloride. A small portion, 
liowever, always remains on decomposition, and, conversely, small 
amounts of phenylthiolmercurhchloride can be obtained by heat- 
ing a mixture of the disulphide and mercurous chloride. H. \Y. 


Physiological Chemistry. 


Variations in the Chemical Composition of Human Blood. 

Frederick S. Hammett (/, BioL Ghem,, 1920, 41, 599—615).— 
Whilst the total nitrogen, non-protein nitrogen, and sugar of the 
blood vary in the same person from week to week, there is a* 
tendency for the level of these variations to be characteristically 
individual. There is no practical difierence between the absolute 
amounts of the constituents in bloods taken fourteen hours after 
food and three and a-half hours after breakfast. The absolute 
amount of creatinine is constant for the individual and for the 
species. The variations of urea, uric acid, creatine, and other non- 
protein nitrogenous substances are discussed. J. C. D. 

Anti-coagulating and Hsemolysing Action of Sodium 
Nucleate, Action on Brewer’s Yeast. Doyon {Compt. mwf,, 
1920, 170, 966 — 967). — Sodium nucleate used in the form of a 
powder possesses an anti-coagulating power and exerts a very, 
energetic hsemolysing action. Tt also prevents the decomposition 
of sugar into alcohol and carbon dioxide by brewer^s yeast. 

W. G. 


Effect of Alkali Fluorides on Digestion. Grosseron (Ann. 
Chirn. anal., 1920, [ii], 2, 111).— According to some investigators, 
sodium fluoride has no action on the ordinary digestive process, but 
inhibits lactic, butyric, and acetic fermentation. It is suggested 
that the use of the salt as a preservative for butter should be 
permitted. W. P. S. 


Effect of Intravenous Injections of Active Deposit of 
Radium on Metabolism in the Dog. Kuth C. Theis and 
H.\lsey J. Bagg (.7. Biol. Chem., 1920, 41, 525 — 535). — The 
injection was followed by an increased excretion of nitrogen, which 
reached a maximum figure on the second day after treatment. 
Brea fluctuated with total nitrogen, .mit there was a definite 
increase in excretion of ammonia and uric acid. if C. D, 


Nutritive Factors in Plant Tissues. IV. Fat-soluble 
Vitamine. Thomas B. Osborne and Lafayette B. Mendel [with 
Alfred J. Wakeman] (/. Biol. Chem., 1920, 41, 549— 565).— Rats 
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wWch received 0*1 ^ram of butter daily showed considerable 
ability to grow, whilst 0*5 gram per day is sufficient te restore to 
good nutritive condition and growth rats declining on diets deficient 
in the fat-soluble accessory substance. In comparison with these 
values, it is shown that 0*1 gram of dried tomato daily will supply 
all the fat-soluble factor for normal growth. Of other vegetables 
tested, cabbage was the least satisfactory, whereas 0*1 gram of dried 
lucerne, clover, timothy grass, and spinach will furnish at least as 
much of the vitamine as the same weight of hutter . 

The thermostability of the fat-soluble growth factor is discussed, 
and the observations of Steenboch. Boutwell. and Kent (A.. 1918. 
i bU) and of "Drummond are nob confirmed (A., 1919, i. 363V 

J. C. D. 

Relation between the Total Acidity, the Concentration 
of the Hydrogen Ion, and the Taste of Acid Solutions. 

R. B. Ha-RV^y (.7. Aiver. Ohem. 1920, 42, 712 — 714V — The 

sourness of fruit and fruit juices is shown to depend both on tbe 
hydrogen 'ion roiicentration and on the total free acid contained in 
the juice. The tendency to produce hyperacidity in the ingestion 
of fruits is dependent on the total quantity of acid ingested, and 
not necessarily on the hydrogen -ion concentration alone. The 
addition of sugar does not affect this tendency, which, although it 
changes the taste, does not affect either the total acidity or the 
hydrogen-ion concentration. S- 

The Formation of Ferrous Sulphide in Eggs during 
Cooking. Charles Kenneth Tinkler and Marion Ceossland So.a. 
(Biockem' J,, 1920, 14, 114— 119 V— The discoloration on the 
surface of the volk of a '‘hard-boiled” egg is due to the formation 
of ferrous sulphide, by the liheration of hydrogen sulphide from 
the decomposition of a sulphur compound of the egg-white and its 
action on the iron contained in the yolk. J- C. D, 

A Pressor Compound from the Pituitary Gland. Albert 
C. Crawford (/. Pharm. and Bxft. Ther., 1920, 15, 81—94).- 
The paper opens with a review of the literature on the active prin- 
ciples of the pituitary gland. The pressor substance is not 
extracted from the dried, powdered posterior lobes by alcohol, tut 
is extracted by acidified alcohol. From this extract, anhvdron? 
ether precipitates the compound as a white or slightly coloured 
amorphous product, which is readily soluble in water, . ^ 

The fractionation of extracts prepared from the posterior lobes 
is described, and the preparation of a highly active pressor sub- 
stance, which is precipitated by soluble mercury and silver salts, is 
described, ^o crystalline derivatives have yet been obtained.^ 

Zinc in the Human Organism. _ Sinicha Giaya {Compt. rend, 
1920, 170, 906 — 909). — The examination of the viscera of a number 
of corpses shows the invariable presence of zinc, the proportion 
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increasing with age. Thus, the amounts found varied from 
O'0009% in the case of a child three months old up to 0‘005% in 
the case of a man seventy years old. The distribution of zinc in 
the different organs corresponds with the following descending 
order . braiHj lungSj stomach, liverj kidiieysj intestinej heart, and 
spleen. W.G. 

A Case of Adipocere. G. Florence {Bnll Soc. chm. hiol, 
1919, 1, 185 — 188). — A sample of adipocere gave negative test^ for 
calcium. After removal of the fatty substances by extraction with 
ether, the residue contained 11 '3% of nitrogen, and gave no reaction 
with Millon’s reagjent or Hopkins and Cole’s reagent. It is there- 
fore thought to^he of the nature of collagen, which had escaned 
the transformation into fat. The author discusses the possibilitv 
of straight-chain polypeptides being converted into fatty acids, such 
as stearic acid, by a process of deaminisation and reduction. 

J. C. T). 

Milk as a Source of Water-soluble Vitamine. II. Thomas 
B. Osborne and Laeayette B. Mendet, [with Alfred J. Wake- 
man] (7. Biol Chem., 1920, 41, 515— 523).— The authors have been 
unable to confirm in detail the classical experiments of Hopkins 
(A., 1912, ii, 779). Thev find that a much larger quantity of 
milk than the 2 c.c. nsed hv Hopkins is necessarv to supply the 
vitamines required bv the rat for normal errowth. The discrepancy 
does not appear to be due to the diet of the cow from which the 
milk is obtained, or to the character of the inorganic ennstituents 
of the artificial ration. J. C, H. 

The Presence of Amylase in Milk and Cheese. Masayoshi 
Sato (Bior,k€m. 7.. 1920, 14, 120 — 130). — The presence of amvlase 
in milk, already reported bv many workers, is confirmed, It is 
also present in commercial Cheddar cheese, although in variable 
amounts. Certain differerxes in the digestibility of various forms, 
of starch by amylase were noted. J. C, H, 

Acidosis. XVI. The Titration of Organic Acids in Urine. 

Donald B. Van Slyke and W. W. Palmer (7. Biol Chan., 1920, 
41, 567 — 585). — The organic acids present, both free and as salts, 
in urine are estimated by titrating between the hydrogen-ion con- 
centrations represented by 8 and 2‘7 respectively, after 
removal of phosphates and carbonates by means of calcium hydr- 
oxide. It appears that such titration represents between 95 and 
100% of the organic acids present. It also includes weak bases, the 
dissociation constants of which fall within a range in the neigh- 
bourhood of 10 but of this class onlv creatinine, and at times 
creatine, appear to be present in significant amounts in human 
urine. The average twenty-four-hour excretion of organic acids 
in normal yonng men appears to be about 5*7 to 9 '8 c.c. of 
0‘liV-acid (uncorrected for creatinine). There appears to be little 
difference in the rat© of excretion during day and night. 
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Data from caaea of methyl alcohol poisoning and diabetes are 
examples of acidosis due to organic acids of different types. In 
the first case, a part of the total organic acid excretion was due 
to formic, lactic, and hydroxy butyric acids, but the greater part 
to acids of unknown nature. In diabetes, the rise in the excretion 
of acetone substances is so accurately paralleled by the rise in 
titrated organic acids that it is probable (1) that organic acids 
other than the acetone substances are not excreted in significant 
amounts in diabetic acidosis, and (2) that the easily performed 
organic acid titration may be used for approximate estimation of 
the acetone substances in diabetic urine. J. C. D. 

The Anti- scorbutic Properties of Concentrated Fmiit Juices, 

III. Arthur Harden and Robert Robison {Biochem, 1920, 14, 
171 — 177). — The anti -scorbutic property of orange juice is not 
appreciably destroyed by evaporation to dryness under suitable 
conditions. 

The dry residue retains considerable activity after storage for 
two years in a dry atmosphere at the ordinary temperature. 

J. C. D. 

Effect of Heat on the Anti scorbutic Accessory Factor of 
Vegetable and Fruit Juices. Ellkn Marion Delf {Biochem. J., 
1920, 14, 211 — 228). — When cabbage, swede, and orange juices 
are subjected to temperatures up to 130°, a corresponding reduc- 
tion of their anti-scorbutic properties occurs. The destruction is 
most marked in the case of cabbage juice, and least in the case of 
orange juice. The greater stability of orange juice to heat is 
maintained even when the juice is nearly neutralised before heat- 
ing. There is evidence that growth may be affected by the limit 
ation of the anti-scorbutic element in the diet, apart from the 
appearance of definite symptoms of scurvy and apart from 
deficiency in the other growth -promoting accessory factors. 

The unexpected stability of swede and orange juice at tempera- 
tures above 100°, when the heating is conducted in the absence of 
air, may perhaps indicate that destruction of the anti-scorbutic 
factor is an oxidation process. This observation naturally has an 
important bearing on the canning and preserving of fruits and 
vegetables. J. C. D. 

Physiological Action of Fumes of Iodine. A. B. Lucehardt, 
F.'C. Koch, W. F. Schroeuer, and A. H. Weiland (/. Phaw-. 
Expt. Tker., 1920, 15, 1 — 21). — Iodine fumes may be absorbed 
from the human skin and appear in the urine. Iodine absorbefi 
in this manner may actually increase the iodine content of the 
thyroid gland and induce a pronounced change in the histological 
features of that gland. The inhalation of small quantities of 
iodine fumes produces similar results, but larger doses may lead to 
respiratory disturbances and fatal acute pulmonary oedema. The 
administration of iodine by such inhalation is regarded as a 
dangerous procedure. J- C. D. 
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The Formation of Acetone Substances following Ether 
Anaesthesia and their Relation to the Plasma Bicarbonate. 

James X Short (/. Biol. Ohcm., 1920, 41, 503— 513),— A study 
of the aicetoacetic acid, acetone, and jS-hydroxybutyric acid of the 
blood was made before and after ether anaesthesia in order to 
ascertain whether the formation of these substances was in any 
way responsible for the fall in alkaline reserve which accompanies 
that condition. Apparently the so-called acetone substances are 
not formed promptly enough during ether anaesthesia to account 
for the decrease in plasma bicarhonate. The analytical methods 
for the acetone substances (Van Slyke and Fitz, A., 1919, ii, 436) 
jnay be rendered less accurate by the presence of fat and ether, or 
ether alone. d. C. D. 

The Minimum Concentration of j8j3'-Dichloroethyl 
Sulphide (Mustard Gas) Effective for the Eyes of Man. 

C. I. Reed (/. Pharm. Expt. Ther., 1920, 15, 77 — 80).— Concen- 
trations of 0*0005 mg. per litre of mustard gas will produce visible 
reactions in less than one hour of exposure in the eyes of individuals 
whose cutaneous resistance is relatively high. J. C. Ti. 


Chemistry of Vegetable Physiology and Agriculture. 


Action of Bacillus fluorescens liquefaciens (Fltigge) on 
certain Amino-acids. A. BLANCHEiifeRE {Bull Soc. chiin. biol, 
1920, 2, 29—36. Compare A., 1916, i, 699).— The amino-acids are 
able to act as the sole source of carbon and nitrogen for the develop- 
ment of this organism. The rates and degree of attack are very 
variable, histidine, alanine, and asparagine being particularly suit- 
able for utilisation. Substitution of an amino-group by benzoyla- 
tion appears to oppose the utilisation of the amino-acid, an observa- 
tion which is in agreement with the accepted theories on the decom- 
position of amino-acids by bacteria. The benzoyl denvativea^are 
decomposed. 


Influence of Reaction on Colour Changes in Tyrosine 
Solutions. (Mbs.) Elfrtd a Constance Victoria ^ 

1920, 14,98— 102).— Cornish and Williams showed (A, b bu) 
that certain groups of bacteria isolated from disco our . ^ ^ 
cheeses are capable of producing changes of colour m m i 
taining suspensions of caseinogen and were 

found that the reaction of the media on ^ r discolora- 

grown exercised a powerful influence on the . reaction 

Ln. It is now shown that there a defimte ^ 
over which the organism studied is capable op & 
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coloration in tyrosine solutions. A modified form of hydrogen 
electrode is described, which presents several advantages over many 
types now in use. 

Comparative Studies on Respiration. X. Toxic and 
Antagonistic ESects of Magnesium in Relation to the 
Respiration of Bacillus subtilis. Matilda Moldenhauer 
Brooks (/. Gen. Phyml, 1920, 2, 331 — 336).— Magnesiuin chloride 
in concentrations below O'OIJ/ has little effect on the rate of 
respiration of B. suJnilh] at 0'03.1/ there is an increase in the rate, 
whilst in the higher concentrations there is a gradual decre^e. 
There is a marked antagonism between magnesium and sodium 
chloride.s, and a very slight antagonism between the chlorides of 
magnesium and calcium. 

The Fats of Tubercle Bacilli. H. Agulhon and A. Frolmn 
{Bull. Soc. chim. hid., 1919. 1, 176— 184).— Large amounts of 
fatty substances may be extracted from dried tubercle bacilli by 
alcohol. This material is composed of fatty acids, neutral fats, 
esters of the higher alcohols, hydrocarbons, and a substance con- 
taining phosphorus. The latter represents about 14% of tte total 
alcoholic extract of the organisms, and is composed of a mixtnre of 
substances of phosphatide character, which on hydrolysis yields 
fatty acids, glycerol, a base analogous to choline, and a gummy 
substance which yields dextrose. The presence of cholesterol in the 
extracts of the bacilli was not established. J. C. D, 

Production of Formic Acid by Yeasts in Media con- 
taining Amides. P. Thomas {Ann. Inst, Pasteur, 1920, 34, 
162—176. Compare this vol., i, 126).— The volatile acidity pro- 
duced during the culture of yeast on media containing acetamide 
is in part due to the formation of formic acid and in part due to 
the formation of acetic acid, the relative proportions of these two 
acids varying with the conditions. The presence, in addition, of 
various ammonium salts has a very marked effect on the total 
volatile acidity and the relative amounts of the two acids produced. 
In the presenc.e of ammonium sulphate, oxalate, succinate^ or 
hydrogeu carbonate the volatile acid produced is almost entirely 
formic acid, whilst in the presence of ammonium aspartate the two 
acids are produced in almost equal amounts. 

The author discusses the various theories put forward to explain 
the formation of acetic acid, and concludes that the meohanism is 
not a simple one, but that there are several phenomena, which will 
function according to the conditions and may replace or superpose 
on one another, as the conditions vary. 

Alteration in the Inverting Power of Top Yeast by 
Pre-treatment. Sture Lovgrex {Fermentforsch., 1920, 3t 
221—240; from Chem. Zenir., 1920, i, 473— 474).— The experi- 
ments were undertaken with the object of determining the influent 
of the inorganic constituents on the formation of aaccharase 
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the differences between their action on bottom yeast, which has 
generally been used previously by Euler and his co-workers, and on 
top yeast. Pre-treatment of the yeast ^vas effected with sugar, 
ammonium acetate, magnesium chloride or sulphate, calcium 
chloride, potassium chloride, sodium chloride, potassium dihydrogeu 
phosphate, yeast water, alcohol, acetone, or carbamide, sometimes 
singly and sometimes in combinations. The results are summarised 
in the following statements: (1) The neutral salts investigated do 
not appear to have any actual influence on the variation of the 
inverting power of the types of top yeast used, either in small 
amounts at the ordinary temperature or in larger quantities at the 
ordinary or higher temperature. (2) Certain experiments indicate 
that the inverting power of top yeast may be distinctly increased 
by suitable pre-treatment. Addition of nitrogenous nutriment is 
advantageous, but not essential. In the first riventy-four hours (of 
fermentation) the inverting power increases slowly or may even 
decrease; after cessation of fermentation, it increases gradually at 
first then more rapidly to a maximum, at which it remains for a 
tim4 and hhen slowly decreases again. The curves are more or less 
flattened according to the properties of the original yeast. (3) One 
experiment shows that top yeast is much less suitable for enrich- 
meEt experiments of this kind than hottom yeast. (4) The 
sion constants of the original yeasts varied between 20 and 40, with 
a mean value (from nine estimations) of 28 per gram of yeast (30A 
dry substance) and 9-6 grains of sucrose at 16°, from which the 
coLtant 3 x is calculated, (5) If the increase of inverting 

power is considered to be a consequence of augmented ’''tality due 
Cthe pre-treatment, the nitrogen nutriment must be regard d j 
Lntiil. The fact that a marked increase can occur without 
administration of nitrogen is probably explained by the 
of the necessary amount of the latter by autolysis. 

Activation oJ Living Yeast by Yeast Extract and by Salts of 
Oriranic Acids. Haxs vox Eclbk {/eitsck helm. / ' 

7 15“-164 from CTcm. Zentr., 1920, i, 473).-I. AcMaUon of 

LL Zhy JZ^tra^ »'■ ""^Cr 1 Bergg- (A^: 

In connexion with the investigations of Euler and ^rgg t 

US) b, 

adduces new evidence to show that presumably 

fresh top-yeast is greatly ^ \ Txtact and that 

co-enzymes, which are of cells in the fer- 

tho phenomenon is obseiwed ^ increase. The activa- 

trast to Harden and Young, the formate never 

the number of cells due to the ojjlkah 

exceeds the experimental eriror inv i . - fresh top-yeast is 

hand, it is shown that alcoholic ^ S- W, 

greatly accelerated by ammonium or alkali formate 
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Regeneration of Saccharase in Pre-treated Yeast. Hajts 
VON iiiULEB and. Olof Svanberg {/tcit&ch. techn. Biol.j 1919^ 7, 
165—172; from Chem. Zentr., 1920, i, 473).— The aiithora have 
investigated the length of period necessary for the re-fonnation of 
enzyme-content removed by previous treatment; the results so far 
obtained do not permit a definite conclusion to be drawn. H. W. 

Ferment Action. VI. A, Fodor {Ferm^ntforsch., 1920, 3, 
193—200; from Ckem. Zenir., 1920, i, 471—472. Compare Abder 
halden and Fodor, A., 1919, i, 369).— An active colloidal mixture 
can be separated from yeast extract by the addition of twice its 
volume of absolute alcohol; the precdpiUte {R) is separated after 
twelve hours and thoroughly washed with alcohol. It is not com- 
pletely dissolved by protracted treatment with water at 37°, but 
leaves a residue (r), which yields a clear, golden-yellow solution 
with dilute sodium hydroxide, from which it do^ not separate on 
treatment with excess of acid. Whilst R contains the colloids of 
yeast extract, the aqueous -alcoholic filtrate is free from them, and is 
completely inactive fermentatively. The aqueous extract from E 
is readily coagulated when heated and, when cautiously acidified, 
deposits a perfectly white precipitate. It caus^ the fission of glycyl- 
Meucine, but its activity is small in comparison with that of the 
original yeast extract. The solution also contains magn^ium and 
phosphoric acid ions and, when rendered alkaline with sodium hydr- 
oxide, gives a crystalline precipitate of magnesium sodium phos- 
phate and some magnesium ammonium phosphate in the same 
manner as the original extract. The residue, r, consists maimy of 
denatured proteins which are precipitated when the solution m 
alkali is acidified (owing to the action of the salt). According to the 
nitrogen content, this product differs from that prempitated by 
acids from the aqueous extract of R, though each is to be regarded 

as a nucleoprotein. , i- i i. i. 

If alcohol is added to the yeast extract after removal of phosphate 
by addition of alkali, a precipitate, i?i, is obtained, which leaves a 
residue, r, after treatment with water. The faintly alkaline aquwus 
filtrate is not noticeably coagulated by heat even after neutralisa- 
tion, yields at most an opalescence when cautiously acidified witb 
hydrochloric acid, and is completely inactive towards glycyH-leucine 
even after addition of magnesium phosphate solution, the favour- 
able influence of which on fermenUtive activity has been irequentiy 
demonstrated. The product, t-j, closely resembles r, and has tne 
same nitrogen content. In the dry condition neither can -function 
as acid or base in the sense of the ionic theory, though each acquir 
this property after hydration and increase of surface, whic s owj 
occurs under the influence of acid or alkali. If more wn^n ra 
alkali hydroxide is used in reprecipitation, elimination of pnosp 
acid occurs, even to such an extent that the substance , 

from phosphorus; the nitrogen content is simultaneously alters. 

In connexion with the present and previous 
development of ferment action is explained on a colloi 
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b^b. The union of the foment, a negatively charged colloid by 
adsorption with the substrate, activate the element! necessa^ ll 
the hydroly^s of the latter by bringing them into the S^ndi 
tion. This happens as a consequence of the partial diminution of 
the adsorption potential of the colloidal particles by the opposite 
charge of the substrate. The optimal hydrogen-ion concentration 
depends on the individual properties of the ferment oolloids and 
the amphoteric substrate and their mutual relationships. In the 
case of ferments which are active in alkaline solution, tk becomes 
more displaced towards the alkaline side as the difference in acidic 
nature between the colloid and the substrate increases. H. W. 


The Products of the “ Acetoueni Butyl Alcohol’' Per 
mentation of Carbohydrate Material, with Special Refer- 
ence to some of the Intermediate Substances Produced. 
Joseph Ebilly, Wilfred John Hickinbottom, Francis Robert 
Henley, and A age Christian Thaysen {niochem, d., 1920, 14, 
229 251). In a normal fermentation of maize mash the addity 
rises until a maximum is readied from thirteen to seventeen hours 
after inoculation. After this point is reached there is a very 
marked acceleration in the rate of production of acetone, n-butyl 
alcohol, carbon dioxide, and hydrogen, the acidity falling gradually 
to a constant value. The greater part of the adds produced are 
volatile in steam, and butyric and acetic acids were identified in the 
distillate. These acids are probably intermediate products in the 
production of acetone and butyl alcohol. Evidence in support of 
this is given by the results of carrying on the fermentation in the 
presence of calcium carbonate, when practically no acetone or butyl 
alcohol was obtained. 

When acetic acid or ethyl acetoacetate is added to the fermenting 
mash an increased yield of acetone is obtained. Addition of formic 
acid and trichloroacetic acid appeared to inhibit fermentation, 
whilst propionic and butyric acids are converted into the corre- 
sponding alcohols. 

A tentative suggestion of the action is put forw'ard, in which 
acetic acid is considered as a monoketide, H'CHg'CO'OH. By con- 
densation CHglCO yields CH 2 !C(OII)’CniCO, winch by elimination 
of COg and the addition of the elements of water would yield 
acetone. Similarly, the increased yield of acetone from acctoacetic 
add may be explained on the assumption that this substance pos- 
sesses the structure of a diketide. This hypothesis may be extended 
and is capable of explaining ordinary alcoholic fermentation. No 
direct evidence was obtained of the formation of acetaldehyde or of 
formic acid as an intermediate product in the acetone fermentation. 

J. C. D. 


Influence of a Reduced Amount of Potassium on the 
Physiological Characters of Sterigmatocystis nigra 
[Aspergillus niger], M. Molliard (CompL rend., 1920, 170, 
949— 951),— When all but one-eightieth of the potassium phosphate 
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in the normal culture medium is replaced by s^ium phosphate the 
growth of Aifergillut niger is very slow and the yield of mycelium 
is very small. The sugar is to a large extent oxidised, but instead of 
givins almost entirely carbon dioxide, an important amount of 
oxalic acid is formed, the amount incre^iug re^larly so long as 
there is any sugar left in the culture medium. Other pomte noted 
are the more rapid disappearance of the dextrose than of the kvu- 
lose, the total absence of conidise and of the bl^k pigment, forma- 
tion of a golden-yellow pigment difiusing into the medium, and the 
production of a, substance soluble in the culture solution 
a blue colour with iodine. 

The Utilisation of adVIethylglucoside by Aspergillus 

niger. Aftbue W. Box and G. W. Roark, jun. (J. Biol. Lhcn., 
IMO 41 m-ASiy-AspergUlm mger grows very poorly on 
medik containing a-methylglncosido as the only source of carta, 
but readily on sucrose media in the presence of the glui^ide. More 
rapid utilisation of the glucoside occurs on the sucrose-free medium 
when the culture inoculated is a vigorous one or one wkch ta 
previously been growing in the presence of both sucrose and the 
glucoside A gradual cumulative adaptation could not b^^demon. 
strated with certainty. 

Synthesis of Aromatic Amino-acids in the Living Cell. 

L Hwgounencj and Gabbiel Florence {Bvll. boc. dmn hoi. 
1920 2 Aspergillus niger produces proteins containing 

the kromatic aminoacids when growing on 

ing inorganic nitrogen, sucrose, and tartaric acid. It is possible that 
iti abl! to utilise the carbon chain of a pentose for these synthetic 
pr^sel Probably the products of assimilation are broken 
Into substances of small molecular dimensions before the synthetic 
proc^i are commenced, and a parallel is drawn with the metabolic 
and anabolic processes in the higher animals. 

Photo-synthesis in Fresh-water Alg*. 
of Both Carbon and Nitrogen from H 

Form Organic Tissue by the Green Plant Cell li 
Numtion and Growth Produced by High p 
Dilutions of Simple Organic Compounds, such ^s Form 
Syde a^thyl Alcohol. HI. Nutrition and 
hv means of High DUutions of Carbon Dioxide an<i 
Oxides of Nitrolen without Access to Atmospher^. 
Benjamin Moore and T. Arthur Webster (Broc. S ., 19 
l al, 91, 201 — 215).— Experimental evidence ts given in PP , 
the view that the lowest type Ji 

the unicellular alga, possesses the power of fixi g ^jjjpouiicls 
nitrogen and building these up into reduced 
withlptake of energy, the source of the energy , 

It is shown that formaldehyde or methyl alcohol fed 
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(jell at- a sufficiently high dilution can he used as a nutrient source 
of carhun in absence of carbon dioxide, and very marked growths 
have been obtained with these substances as the sole source of 
carbon. In the absence of all other sources of nitrogen except 
the atmospheric nitrogen, but with abundance of carbon dioxide, 
lllie unicellular algae can fix nitrogen, grow, and form proteins. 
The rate of fixation and growth is, however, greatly accelerated if 
Bitrites or oxides of nitrogen are available, and the latter may be 
guppUc<i in the gaseous form from the atmosphere. W, G. 

The Inhibition of Invertase in the Sap of Galanthus 
Qivalis. T. G. Mason {Sci. Proc. Boy. Dahl. Soc,, 1920, 16, 

97^. Experiments with the sap of the leaves of Gafavfkus 

nivalis, extracted under varying conditions, indicate that factors 
inhibiting the activity of the invertase may be present in the sap. 
Changes of a nature not yet clearly understood occur iii the sap 
after its extraction from the leaf, which lead to a clumping of the 
colloids, and possibly the enzyme may be inactivated by adsorption 
on the coagulated colloids. W. G. 


Presence of Gentianose and Sucrose in various Gentians. 

\fASC Buidel (J. PlKirm. Chirn., 1920, [vii], 21, 306 -311; BvJJ. 
Xoc. chim. bioL, 1920, 2, 37—41). Compare A., 1913, i, 149, 434 
‘(;90) —The author has detected the presence of both gentianose and 
.ucrosB in the roots of Gentiana erveiafa and G. jmrimrea. The 
reversible change between gentianose and sucrose is governed by 
the activity of tbe enzyme gentiobiase. W. P. B. 

Anthocyanins. I. The Anthocyanins of the Young 
Leaves of the Grape Vine. Otto Rosenheim [Bxochm. 

j j^920 14, 178 188).— The red pigment of the young leaves of 

the grape vine is probably identical with oenidin_ the anthocyamdin 
(lerived from the pigment of the purple grape. This is the first ca-se 
which has been noted in which the red pigment of the leaves is a 
free anthocyanidin, and the European species I rmi/era appears 
to be the only representative of the family Tb/rs which « ^ 

tensed. The occurrence of a colourless modificatiop of the pigm 
was demonstrated, for which the general name 
proposed. It is present in combination possi y wi ' • ’ 

and is converted into anthocyanidin by strong aci s. 

Distribution of Lycorine m the N.O. toarylhdace* 

K. Goeter (Bxdl Jarfl. hot, BviUiunro, ^ .tfers 

— Th© first accurate description of an alkaloid 

to lycorine from Lyarxis ra^iafa. Herb. (Momhima, A^,^1899. 

i. 92), and this is identical with ’ Asahina and 

2406) from Narcissxi^ 'pse'iulonnrcissvs. If. (co p i-Vpi-gfore be 

Siigii. A.. 1913, i, 1093). The latter 

abandoned; the formula of the alkaloid is C,,, i, < 

which the analytical results of Morishima agree better than 
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the formula proposed by him, which is, moreover, 

excluded by molecular-weight determinations (Ewins, Asatnna, and 
Sugii), The alkaloid of Bupharie disticha, Herb. (Tutin, T., 1911, 
99 1240) is also lycorine, as is that in Narcissus Tazetta^ L. 
(Yamanouchi, Arch. Pharm., 1913, 251, 357). Gorter has further 
found lycorine in Zephyranthes rosea, Lindl, CnTmm asmticum, L.. 
C. oiomteum, Andr., G. ^aten^e, Herb., Bymenocdhs Uttoralis, 
Salisb., Euchari-s grandifiara, Planch., Ewycles sjdvesfn.*, 

Salisb. Gri/n/am spp. contain most (0-1— 0-18% of bulb). G. B. 

A New Plant containing Coumarin : Melittis melisso- 
phyllum, L. P. Gu^bin and A. Goris {Go^pt. rend,, 1920, 170, 

1 ^Q 0 y 1068) The leaves of Melitth '^elissophylluniy L. contain 

coumarin apparently in the form of a glucoside decomposable by 
emulsin. The coumarin may be extracted along with q^rcetm 
from the dried leaves by 95% alcohol. W. G. 

Constituents of Morinda citrifolia. John Lionel 
Stmonsen (T., 1920, 117, 561 564). 

Acidity and Acidimetry of Soils. I. Studies of the 
Hopkins and Pettit Method for Estimating Soil Acidity 

Henry G. Knight {J. Ind, Eng. Ghem., 1920, 12, 340 3 ).^ 
Investigation of this method (extraction with potassium nitrate 
solution and titration of the extract) showed that an acid sod gives 
the same acidity whether it is ©xtracted^with Y/l-potassium nitrate, 
potassium chloride, sodium nitrate, sodium chloride, or calcium 

chloride solution. The acidity of ^25 “to 90“ 

is independent of the temperature withm the range of 25 to 90 
but the acidity of the first portions of the extract 
increase of the concentration of the salt solution. The digeren 
in absorption of calcium and potassium from solutions of their 
basfe by^an acid soil may be due to precipitation. There is a 
basic cLbange when a salt solution is added to an acid soil, 
alumina is dissolved, but this does not account for the total acidity 
of the solution. Exchange of acid radicles is slight « 
occur. 

l^steresis of Aqueous Suspensions of Humus Earth. 
Heinrich Puchner (Kolloid Zeitsch., 1920, 26 , « 159 — 168 . om 
Shis vd T 274) -A continuation of the pre^ously publish^ 
prient taper deals particularly wili ty— J, - 
fena occurring in the insoluble portion obtained from the 
of suspensions of peat in water. It is shown f 
effects observed are due, not only to physical and 
but are very largely influenced by the growth of low^to^r 

of plant life. 
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Refraction and Dispersion of Carbon Dioxide, Carbon 
Monoxide, and Methane. Clive Cutudkrtson and Maude 
CUTHBERTSON {Proc. Uoy. Sqc., 1920, [A], 97, 152— 159).— The 
refractivities and dispersion coefficients of the three gases were 
determined with a Jamin refractometer. For the green mercury 
line (A. =5461), the refr activities, reduced to 0° and 76 cm., were 
as follows : carbon dioxide, 4505 ; carbon monoxide, 3364 ; methane, 
4415 . In all cases, the value of (/i-l).10^ is given. Tables 
(riving the dispersion are supplied. The refractions and dispersions 
of the carbon atom calculated from the results do not show any 
agreement, the figures for the relative numbers of electrons and 
the free frequencies being also discordant. It is concluded that 
the forces which control the motion of a dispersion electron in an 
atom are profoundly affected by the proximity of another atom in 
combination with it. If the two atoms are of the same element, as 
in the molecules of diatomic gases, a similar, but probably simpler, 
change occurs in such a way that the free frequencies iu both atoms 
are originally the same and are altered to the same extent. 


The Variation with Pressure of the Wave-length of the 
Rays of the Bands of Cyanogen. A. Perot {Compt. rend., 
1920 170, 988—990). — By varying the pressure from atmospheric 
oressure down to 2 — 3 cm. of mercury, it is shown that the values 
of dXjX for the lands 4197 and 3883 are l'8xlO-<5 and lAxlO”® 
respectively. 

Spectrum of Copper. W. M. Hicks (P/hf. Mag., 1920, [vi], 
39, 457-^81). — A theoretical paper in which the copper spectrum 
is treated in the same way as the spectra of silver and gold (A., 
1919 ii, 441). Strong, well-defined sets are given for the orders 
u=i 3 in both the and D sets and for the first order of P. 

Those for S (2) are in the red and in step with those of silver. 
The others show the Zeeman patterns proper for their respective 
types. These may therefore be adopted definitely as normal series 
lines. In the higher orders, the intensities fall off more rapidly 
and irregularly than usual, and there is also evidence for numerous 
displacements. These are apparently the cause of the low intensi- 
ties and the large number of weak lines. In consequence, 
determination of the S and D limits, with any exactness, rom 
series lines alone is rendered impossible. 

Effect of Solvent on the Ultra-violet Absorption Spectri^ 
of a Pure Substance. F. 0, Rice (/. 

42, 727— 735).— The effect of the solvents, water, ethyl j 

heptane, and chloroform, on the ultra-violet absorption spectrun 

VOL. oxvni. ii. 
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of many ketones has been investigated. It is shown that all 
aliphatic ketones, except acetone and methyl ethyl ketone folloiv 
Cflaw, that Is, the njolecular extinction is i^dep^nden o[ the 
concentration and solvent. With acetone and methyl ethyl ketoiic 
there are deviations when ionising solvents are used due to partial 
disruption of the associated molecules. ® *J^®**s 

that with increasing refractivity of solvent the ahsorption ban 
moves towards the red, holds good if it is regarded as ^ rough 
generalisation. When a pure substance is dissolved in an lomsmg 
SlZt the absorption centre moves towards the ultra-violet; i a 

pure substance is dissolved in a eTof k 

Lsorption centre is unaffected or moves toward the red end of ‘he 
spSm. It is probable that this is a general rule which holds 
for all classes of absorbing substances. o. r, o. 

Light Absorption and J', ’^F®C°C But 

Molecular Rotational Frequencies of Water. E. C. C.Bm 

(PM. Mag., 1920, [vi], 39, 565-577. 

La ttearetical paper in which, from the atoimc tr^ueiicy ol 
oxygen, .4531 x [on, found ^ 

rd'&yrj?19ir48! ih the uutbcr able to calculate th. 
Ltral frequencies of the water absorption bands. Ibe agreement 

“Es 

difference is ±0 0°^^^ , sulphur dioxide and water 

frequencies possessed by the nioiecui^ ui & ^ Wrvpeii 

groups of atoms in the molecules. 

Activation of Hydrogen ^ 

CuuTis {J. Ancr. Sue 19^. 4^ 

aniline-green and “Either are they blelohed by the 

light of a quartz mercury 1 p, +>iPTn until the mixture is 

Edition of 3% /Xof bleaS nf the mixtures i« 

exposed to the lig • tt pj g.p,eita colorimeter, and curves are 
followed by means of a Hellige - hydrogen 

given. To he sure that the suhnritted 

peroxide and not to ozone, so u loi ^ bubbled in; there was 

to the light while a stream of “^18 appears that the oxidising 
no bleaching in this case. Hence it ^PP^J® hleachinv of dto 
power of hydrogen peroxide with the W wavelengths, 

is increased by exposing the mixture to light of short w ^ | 

Chemical Induction in Pl^°tographic Development. J; 
Induction and the Watkins Factor 

Meyeb (J. Amer. Chem. Soc., 1920, 4.J. b8tf rim; 
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eifect, acceleration of development of photographic plates by dilute 
solutions, of iodides, has been investigated, and shown U> affect 
chiefly organic developers of low reduction potential, such as quinol. 
It is also shown that the principal effect* is to overcome the induc- 
tion with such organic developers, consequently increasing the 
Watkins factor. Ihe effect is regarded as due to the increased 
adsorption and complex formation between silver haloid and 
developer. The bearing of this on the theory of development is 
discussed. There is,^ in addition, a fogging action by dilute solu- 
tions of potassium iodide on silver bromide emulsions, which is 
attributed to nucleus infection of the gram, J. F. S. 

Stereoisomeric Transformations and Polymerisation of 
Organic Substances under the Influence of Light and 
their Constitution. P. K. Kogrl [Photo. Korr., liilO, 56, 
368—380; from Ghcm. Zentr., 1920, i, 4S9).— The acetylene and 
cyanogen groups are photopolymeric. The methyl group with a 
double bond (ethylene group) is both photostereoisomeric and 
photopolym Orphic. The same is true of the corresponding com- 
pounds of nitrogen. The orthoquinonoid formula is assigned to 
anthracene on account of its ability to undergo polymerisation. 
The sensitiveness of diazonium compounds to light depends on their 
tendency to photostereoisomeric transformation. The disposition 
of the chief valencies in the stereoisomeric and polymeric methyl 
group is the same as that in the pallidogenic methyl group. 

H. W. 

Photosynthesis and the Electronic Theory. Henry H. 
Dixon and Horace H. Poole (Sci. Proc. Roy. Dubl. Soc., 1920, 
16, 63 — 77).- — Electrical measurements made with metallic plates 
coated with chlorophyll in different ways and illuminated from 
different sources of light indicate that those wave-lengths of light 
which are effective’ in photosynthesis are unable, to any appreciable 
extent, to expel electrons froin the leaf pigment complex, and 
hence cannot in this way produce ionisation or bring about reac- 
tions external to the pigment. The action apparently occurs 
within the molecule of the chlorophyll itself, the atomic groups of 
the leaf pigment entering into the action of photosynthesis and 
participating in the combinations and decompositions which 
ultimately lead to the formation of carbohydrates and the evolution 
of oxygen. 

The Scattering of y-Rays. K. A\. Fritz Koiilkausch 
[Phydkal. Zeitsch., 1920, 21, 193— 198).— A pencil of y-rays, from 
0’8 gram of radium chloride, after passing through absorption 
screens, falls on a block of carbon, aluminium, zinc, tin, or lead as 
radiator at 0-5 metre distance, and the secondary y-radiation at 
different angles a with the direction of incidence is examined as 
regards intensity and penetrating power over a circle of 0 64 inetTc 
radius, by means of an ionisation chamber. The ckcrea,se of the 
hardness and intensity of the secondary y -radiation with increasing 
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values of a was confirmed. Xhe change of hardness was shown to be 
due to the existence in varying proportion of two types of secondary 
rays, and So, corresponding with the two types of primary, and 
Ko. The results showed that was a scattered radiation of the 
same hardness, and that probably jS' 2 is similarly a scattered A^gradia- 
tion. None of the radiation is scattered through more than 90*^ 
but the radiation extends in the direction of incidence as well 
as in that of emergence. Tables are given showing the distribution 
of the intensity of the radiation over the complete circle, and the 
results are compared with the theory of Debye and shown to he 
in qualitative agreement with it, particularly as regards the asvm 
metry of distribution found for the radiation in the directions of 
incidence and emergence. The probable wave-length of the y-ravs 
is discussed in the light of these results. F. S." 

The Properties of Reinforcing Screens with respect to 
X-ray Spectra, and a Decomposition of the /3-Line of the 
K Spectrum of Tungsten. Maurice de Brogue (Compt. mid., 
1920, 170, 1053 — 1056). — The effect of reinforcement increases 
rapidly with the penetration of the rays, and the luminous excita- 
tion of the screen is thus itself dependent on the absorption hand 
of the heavy metal (tungsten in the calcium tungstate used) which 
the screen contains. With a screen coated with cadmium tungstate 
there was no apparent selective reinforcement due to the cadmium. 

Using special conditions to obtain the K spectrum of tungsten it 
was found that the line A =0' 1844 Angstrom, was split into two 
components, the one with the greater wave-length being the more 
feeble. The difference between these two components is given by 
f/A=0’0007 Angstrom. W. G. 

Mass-spectra of Chemical Elements. F. W. Aston {Phil 
Mag.^ 1920, [vi], 39, 611—625), — A full account is given of jthe 
structure and method of operating a positive ray spectrograph, 
which is capable of producing a focussed positive ray spectrum 
(mass spectrum). The results of a provisional analysis of eleven 
chemical elements, hydrogen, helium, carbon, nitrogen, oxygen, 
neon, chlorine, argon, krypton, xenon, and mercury are summar- 
ised. These show that only five — hydrogen, helium, carbon, nitro- 
gen, and oxygen — are " pure'' elements, the others being composed 
of various numbers of isotopic constituents. The number of isotopes 
n and their masses m in order of intensity are: hydrogen, n=l, 
m--=l’008; helium, n = \, m=4; carbon, n = l, m = 12; nitrogem 
T?.= l, m=:14; oxygen, ?i = l, m — neon, ?i’ = 2, m = 20, 22 (21); 
chlorine, n = 2, ?n — 35, 37 (39); argon, n = (2), to = 40 
krypton, n = 6, w=84, 86, 82, 83, 80, 78; xenon, n-b, 

131, 130, 133, 135); mercury, n = (5), _ m = (197—200 , 202 , 204). 
The values enclosed in brackets are provisional. With the exception 
of those due to Ho, and Hg, all masses mea^ur^, allowing for 
multiple charges, are exactly whole numbers within the ^ 
experiment (0 = 16). The lines due to hydrogen indicate that m 
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mass of this element is greater than unit}^ on this scale, and is 
jii good agreement with the chemical value 1*008. ,T. F. S. 

The Determination of the Radioactivity of Spring 
Waters. Ottomak Nurnberger (Physihal. ZcitMh.y 1920, 21, 
198 — 203).“A comparison of the different methods and instru- 
ments used by H. W. Schmidt, Engler and Sieveking, Mache and 
Heyer, Kohlrausch and Loewenthal, for the estimation of the 
radium emanation in spring waters, and the conditions to be 
observed to obtain trustworthy and comparable results. F. S. 

Course of the Transformation Process of Isomeric Ions. 

Georg von Hevesv and Laszl6 Zechmeister {Zeitseh. EhHro- 
c/icm., 1920, 26, 151 — 153). — Tt is shown by the radioactive indi 
cator method that a dynamic equilibrium exists between bivalent 
and quadrivalent lead ions in glacial acetic acid solution, and in 
consequence it follows that electrons can pass of themselves, in 
certain circumstances, from one ion to an isomeric ion and also to 
an electrode. J. F. S. 


Ionisation and Activity of Largely Ionised Substances. 

Arthur A. Noyes and Duncan A. M.\cTnnes (•/. Chem. 

Soc. 1920, 42, 239 — 245). - -A theoretical paper in which the experi- 
mental results of Macimies and Parker (A., 1915. ii, 510, 734), 
Ellis (A., 1916, ii, 369), and Noyes and Ellis (A., 1918, ii, 27), in 
connexion with the electrodes Ag + AgCl | LiCl | LiHg | LiCl | AgCl 4 . 
Ag and Hg + HgO | KOII | K in Hg | KOH | HgO i- Hg are discuspd. 
It is shown that in the case of potassium chloride, lithium chloride, 
liydrochloric acid, and potassium hydroxide the activity coefficient 
decreases with increasing concentration much more rapidly than 
does the conductivity-viscositv latio, the differences amounting to 
from 7% to 15% at A/IO- and from 5% to 18% at A / 5 -concentra- 
tion. In the case of all the substances except potassium chloride, 
the activity-coefficient, unlike the conductivity-viscosity ratio, passes 
through a pronounced minimum in the neighbourhood of ^ 5 and 
afterwards increases rapidly at the higher concentrations.^^ Even 
potassium chloride, according to Harned^s data (A., 1918, 
has a minimum activity-coefficient about 2.Y. The activity-coefficient 
even at moderate concentrations varies considerably 
of the substance; thus its value in 0 ’ 5 A-potassiuni chloride is 
lithium chloride 73%, hydrochloric acid and potassium hydroxide 
77%. Thus it follows that the conductivity ratio can no longer he 
regarded as even an approximate measure of the activity 0 ic 
ions of highly ionised substances in their mass action and thermo- 
dynamic relations. The activity varies with the concen ra ion 
differently in the case of different substances and, at present, it can 
only be determined empirically for each substance wit , 

chemical equilibrium measurements, A.3/.F., and , 

measurements. It is also shown that the ionic } 

cannot be proportional to or mainly determined by e 



ABSTBACTS OB CHEMICAL PAPERS. 


the substance ionised ; for this fraction could not inCTease with 
increasing concentration unless the ionising power of the medium 
becomes much greater at moderate concentrations and ewn then 
it could not bemme greater than unity, as is actually the case with 
the activity-coefficient of hydrochloric acid in concentration^above 

2d'. 

The Constancy of Electrical Conductivity of Gases 
during Chemical Reactions. Max Tbaotz and 
August Henolein {Zeitsch. anorg. Chem., 1920, 110, 237 289) 
-To determine whether or no ionisation occurs during chemical 
reactions, a number of purely gaseous reactions were studied. The 
Apparatus used consisted essentially of a glass reaction vessel of 
cvUndrical form containing a cylindrical condenser, both surfaces 
of which were of graphite or gla.ss. The outer surface was com 
nected by a platinum wire sealed into the wall o the reaction vesse 
to a higtetension battery, the inner surface «™iffirly to a quadraet 
IctroLter set. Preliminary experiments showed that none of the 
materials employed, matte glass surfaces, platinum wire graphite 
OT Baffin had any appreciable influence on tte velocity of the 
rLdion 2NO + Cl, ^ 2NOC1. When the reaction vessel was filW 
whl, Z air and the outer electrode connected to the high-tensioo 
batter-7 a small charge appeared on the inner electrode anil 
increaled gradually to a maximum value, in spite of the most, 

. ' . ® , 1 . - c +Po two plpctrode.s This charge, it iias 

prmW 7a result of the ionisation of the ps. It increases iiitt 
increasing pressure and is greater for chlorine than for air. The 
increasing ] _ ^ the enclosed vessel was considerably greate 

sr:;“ £.1 ^ »«■« ■» 

WOxTtr == ^NOBr; 2 HBr ! CL, — 2HC1 + Bri,, 

2Hn In no ^se could evidence of ionisation during the reactioii 
zmA. in iiou^o that ionisation 

rzs {3s; 

reactions at moderate temperatures even when the heat o 
is ffreat, no free electrons are produ^d. ^ when 

Manoraetric experiments were made respective!? 

gaseous hydrogen chloride, bromide, or i -hYdroven trihaloiii 

- «■ 

mo > 1 , 2 . 30--49. 99 3 V--Tte * 

the sparling potential in carbon dioxide at g P j 
^ , At atmospheric pressure, with plane e 


great accuracy 
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45 mm. diameter, the sparking potential for tke same distance is 
greater m air than in carbon dioxide, although this difference 
appears to vanish at small distances. Exposure to ultra-violet light 
diminishes the potential to a greater extent in carbon dioxide than 
in air. The action of ultra-violet light is inappreciable at pressures 
greater th^ 10 atm. For distances from 2 to 5 mm. the potential 
increases linearly with the pressure up to 10 atm. For 1 mm., and 
especially for O'S mm., this relation no longer holds, although the 
deviations are very small. The results depend on the form of the 
electrodes. The results are explained by an accumulation of posi- 
tive and negative ions in the vicinities of the electrodes before the 
spark passes. This leads to the deviation from Paschen’s law at 
small distances, and also causes the energy of the spark to increase, 
giving rise to a more intense spark. J. R. P. 

Absorption of Gases in the Electric Discharge Tube. 

F. H. Newman (Froc. Fhysical Soc.^ 1920, 32, 190—195. Compare 
A., 1914, ii, 703). — A continuation of experiments previously 
described (?oc. c??.). Nitrogen is absorbed by both sodium and 
potassium under the influence of an unidirectional discharge in a 
discharge tube. The experiments were made at various pressures 
(8T — TO mm.), and with the. metals as cathode and anode 
respectively. In the case of sodium, it is shown that the amount 
of absorption is greater when it is tlie catbode. In the case of 
potassium, less gas is absorbed than with sodium. Using the 
liquid alloy of sodium and potassium, there was no difference in 
the rate of absorption when the temperature was raised from 50*^ 
to 200®, but above this temperature the rate of absorption increased 
very much. After the discharge had been interrupted and the 
alloy was heated to above 300®, there was no evolution of gas, so 
that in all probability moderately stable nitrides of sodium or 
potassium, or both, had been formed. J. F. S. 

Reproducible Liquid Junction Potentials ; The Flowing 
Junction. Arthur B. Lamb and Altred T, Larson {J, Amer. 
Chhm. Sot,, 1920, 42 , 229— 237).— The reproducibility and 
constancy of liquid junction potentials has been investigated in 
the case of gelatin diaphragm, parchment diaphragm, and flowing 
junctions. The experiments show that- liquid junctions form^ 
between the bearing surfaces of ground-glass stoppers, in^geiatin 
diaphragms, and in parchment paper diaphragms with OT.l 'hydro- 
chloric acid and potassium chloride solutions are not constant and 
reproducible to closer than 0>2— OA millivolt. Somewhat more 
constant results are obtained with parchment diaphragms on 
stirring. Fresh jnnctioils iu 5 mm, tubes give potentials repro- 
ducible in O'lA-solutions to about 0'03 — 0’06 millivolt when the 
electrolyte is prevented from oscillating, but with A -solutions 
variations of 0‘3 millivolt occur. Stirred junctions sometimes give 
very constant potentials, but these are quite differeih, from that 
produced by a flowing junction, and, moreover, they differ, depend- 
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itig on the method of stirring. A flowing junction, obtained simply 
by an upward current of the heavier electrolyte meeting a 
downward current of the lighter electrolyte in a vertical tube at 
its point of union with a horizontal outflow tube, or by allowing 
the lighter electrolyte to flow constantly into a large volume of the 
heavier electrolyte, even with Absolutions, gives potentials constant 
and reproducible to O' 01 millivolt. An apparatus in which such 
flowing junctions may be obtained is depicted in the paper. 

J. F. S. 

A Lead Standard Cell. M. G. Mellon and W. E, Henderson 
(7. Amer. Ghem. Soc., 1920, 42, 676 — 689, Compare Henderson 
and Stegeman, A., 1918, ii, 54). — Cells of the type 

PbHg I PbSO4i|Na^SO4,10H.O(sat.)llHg,SO4 [ Hg, 
of which the EM.F. and stability have previously been studied 
{loc. were constructed, in which the electrolyte was replaced 
by solutions, both saturated and unsaturated, of the sulphates of 
potassium, lithium, magnesium, nickel, cobalt, zinc, manganese, 
cadmium, and copper. These cells have been eocamined with 
respect to their E.M.F., reproducibility, and constancy. It is 
shown that the cell with sodium sulphate, constructed, in 1917 
(lac. cit.), has the same value as freshly made; cells. It is shown 
that saturated cells containing the sulphates of nickel, cobalt, zinc, 
or manganese are substantially as reproducible and as constant a? 
those containing sodium sulphate. This constancy is usually 
reached in four to five days after preparation, and these celb 
appear to possess the characteristics necessary for a standard cell 
The E.M.F. of the cell which has become constant seems to he 
nearly independent of the soluble sulphate used. The value of ihe 
E.M.F. for cells containing sodium or nickel sulphate is practically 
the same, 0'96466 volt and O' 9 6430 volt respectively, whilst those 
of cells containing cohalt, zinc, and manganese sulphate are very 
close together, bub are slightly higher than those of the first 
named cells; they have values 0*96478', O' 96477, and 0'96478 
volt respectively. Saturated cells containing the sulphate 
of lithium, magnesium, or cadmium are neither reproducible 
nor constant, although the E.M.F. has approximately the 
same value as the constant cells. Saturated cells containing 
potassium sulphate are neither reproducible nor constant; the 
mercurous sulphate in them is distinctly hydrolysed, and the 
E.M.F. is markedly higher than that of the other cells. Saturated 
cells containing copper sulphate agree well among themselves, bnt 
are not constant. The E.M.F . is approximately one- third that 
obtained for the other cells, which indicates that the lead of the 
amalgam replaces the copper, and a copper amalgam is produced. 
TJnaaturated cells containing the sulphates of sodium, zinc, nickel 
cobalt, and manganese are just as reproducible as the saturated 
cells, they have the same E.M.F., and are constant for a tiwe- 
and then exhibit a decreasing E.M.F. TJnsaturated cells contain- 
ing the sulphates of lithium, magnesium, and cadmium have 
approximately the same E.M.F. ^ tho saturated cells, and they 
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are equally unsatisfactory. Attempts to ascertain the cause of 
the unsatisfactory, nature of these cells were without result. 

J. F. S. 

A New 0-1.?/-Calomel Electrode Design. A. E. Koehler 

(,/. Biol. Chem.^ 1920, 41, 619 — 620).— This type of electrode was 
designed to overcome the changes in normality which the solutions 
in other patterns of instruments are apt to show. The apparatus 
is illustrated, and has been used for two months without showing 
any change in E.M.F. j. C. D. 

Platinised Glass Electrodes for Electrolytic Estimations. 

G. MEiLLte (J. Pharm. Chim., 1920, [vii], 21, 311-313).— 
Electrodes suitable for many purposes may be made by fusing a 
small piece of platinum wire into a glass tube, watch-glass, etc., 
then varnishing the glass with a solution of platinum chloride 
and an essential oil in methyl alcohol, and heating the glass until 
all organic matter has been oxidised. Several successive coatings 
may be applied in order to obtain a suitable layer of platinum on 
the glass. In some cases, it is advantageous to etch the glass with 
hydrofluoric acid before the platiiiiun varnish is applied. 

" W. P. 8. 


Conduction of Electricity by Free Electrons and Carriers. 
III. Migration Velocity of Particles moving under Forces 
in Viscous Media. P. Lenard, W. Wkick, and Haxs Ferd. 
Mayer [Ann. Physik, 1920, [iv], 61, 665 — 741. Compare ihul., 
1900, 312). — A theoretical paper in which relationships are deduced 
for expressing and calculating the velocity of ions and other 
carriers of electricity in various media. Values are calculated for 
the radius (r) and the number of molecules of water (w.) combined 
with the following ions in aqueous solution: H', w^l-4, 

r = 0 ‘ 9 xl 0-8 cm.; OH', 7 ^^ 2 - 5 , r=T4xlO-8 cm.; Li', 

r-5-0xl0-8 cm.; Na‘, <^ = 12 , r-4'2xl0-'^ cm.; K', n^7, 

r- 3 TxlO -8 cm.; RV, n- 6 , r- 2 - 9 xl 0-8 em. ; Cs*, 7 ^- 6 , 

r- 2 - 8 xl 0-8 cm.; F', 7t = ll, r-3-9xl0-8 cm.; Cl', /i = 6 , 

r = 3 - 2 xl 0-8 cm.; Br', r=3'0xl0'8 cin. ; I', ^^-- 6 , 

r=2‘9xl0-8 cm. It is shown that there is a distinct parallelism 
between the value of n and the tempe^ature^'Coefiicient of the 
migration velocity. 


Alternating Current Electrolysis. S. Marsh 
Soc 1920 r/l 97 , 124 — 144).— Solutions of sulphuric acid and 
barium hydroxide have been electrolysed with alternating current 
of varyincr frequency by means of electrodes of gol > P ^ inum, 
and nickel. In the case of platinum foil electrodes and sulphuno 
acid, the amount of evolution of gas decreases rapidly wi i , 
and eventually no more gas is evolved. The amoun 
decreases with increasing frequency of the i 

platinum electrodes were used, the amount was less, ni P 

relationship between the volume of gas evolved an e ^ 
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of the olocfcrode was observed. The time-volmne curves resemble 
the saturation curves obtained in radioactive measurements. \Vjth 
gold electrode and sulphuric acid, the rate of evolution of gas falls 
off rapidly with time, but for frequencies less than 48, gas is still 
given off at the electrodes for a much longer time than with 
platinum, and the total volumes of gas ai'e considerably smaller 
than in the case of platinum. In the case of nickel, a copious 
evolution of hydrogen occurred for twenty minutes, beyond which 
the experiment could not be continued, owing to solution of the 
electrode. With barium hydroxide as electrolyte, the rate of 
evolution decreases with time and with increasing frequency, but 
the time-volume curves are practically straight lines. The volume 
of gas liberated is much greater than in acid solutions. Gold and 
platinum behave very similarly in barium hydroxide solution, but 
nickel only evolves the smallest quantity of hydrogen with a 
frequency of 60 cycles, and even with 40 cycles the volume of gas 
is small to measure. Two suggestions are pub forward to 
explain the phenomena: (i) the oxidation of the electrode, coupled 
with subsequent reduction % the hydrogen of the next half-period; 
(ii) the absorption and adsorption of hydrogen by the electrode, 
coupled with recombination with oxygen of the next half -period. 
These processes are not mutually exclusive, and it is possible that 
both agencies are operative in degrees varying with the metal 
employed. J. F. S. 

Electro-endosmosis and the Preparation of Solid Alkali- 
metal Amalgams. Sumner B. Frank and James R. Withrow 
(/. Amer. Chem, Soc.^ 1920, 42, 671—675). — A number of experi- 
ments on electro- endoBrnosis show that it is modified by the ty])c 
of porous cell used, but that an increased voltage and current 
density will always cause it to take place. Using solutions of 
potassium chloride, potassium sulphate, strontium chloride, and 
calcium acetate, endosraosis is always observed if the voltage is 
more than 8'. The phenomenon is made very visible by the follow- 
ing experimental arrangement. The solution, saturated by prefer- 
ence, is placed in a beaker fitted with any form of platinum anode, 
and a porous cell is immersed to a depth of about 5 — 10 mm. in 
the solution, and about 50 grams of mercury, which serves as 
cathode, poured in. Contact is made with the mercury in the 
usual way, and a voltage of 20—25 is applied. In about sixty 
minutes, the solution will have entered and filled the porous pot 
to a height of about 3 — 4 cm. In these experiments, solid 
amalgams of potassium and strontium were obtained, but in the 
case of calcium, no amalgam was obtained, only a mixture of 
calcium hydroxide and finely divided mercury. J. F. S. 

Electrical Characteristics of Dye Colloids. Rudolf 
Keller {KoUoid Zeitsch., 1920, 26, 173 — 178. Compare A., 1919, 
ii, 491). — A continuation of the previous discussion (he. cit.), ip 
which the reason for the discrepancy between the author’s experi- 
ments and the statements of many text-books is given. It is shown 
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that the statement of the test^books refers to dilute solutions of 
dyes where the substances in solution are ion disperse systems and 
the coloured cation naturally travels to the cathode, whereas the 
author’s experiments were carried out with concentrated dye solu- 
tions which were colloid disperse systems and the cation wandered 
in the opposite direction. J. F. S. 


Influence of Molecular Constitution and Temperature 
on Magnetic Susceptibility. IV. Further Applications of 
the Molecular Field. A. E. Oxley (Fhi.L Trans., 1920, [A], 220, 
247 289. Compare A., 1914, ii, 424 j 1915, ii, 219). — A theoreti- 

cal pstper in which the discussion previously published is continued. 
The applications of local molecular forcive, in diamagnetic, paramag- 
uetic and ferromagnetic media, have been extended to interpret the 
ultimate strength of crystalline and vitrous media. It is to be 
expected, since the permai^ent set which occurs prior to breaking 
is due to slipping along the cleavage planes within the crystal 
grains, that the material will be fractured when the applied mech- 
anical stress is equal to that produced internally by the local 
molecular forcive. The internal stress within the material is of the 
order 2 x 10^ dynes per sq. cm., which is approximately the mean 
of the ultimate strengths of crystalline and vitreous media. As a 
consequence of this internal stress, the energy per unit volume will 
be 2x10® ergs, and this energy is a measure of the latent heat of 
fusion per c.c. It is found that the elastic constants of a variety of 
ferromagnetic, diamagnetic, and paramagnetic media are of tlie 
same order, several diamagnetic and paramagnetic media oven sur- 
passing steel in their power to resist distortion. ’Fhe energy change 
which occurs on crystallisation is compatible with a volume change 
m" the same order of magnitude as that accompanying cry stallisa- 
tiou. and the change of volume on crystallisation may therefore be 
interpreted as a magneto- strictioii effect of tie 
forcive. The magnetostriction effect depends on molecular onenta 
tion, which is proportional to the square of the 
phy ical interpretation has been given of the large ^ 

LLients A ind of the molecular belds in fe-omag m a d 
diamagnetic crystalline media respectively. These a 

the reciprocals of the limiting local 

under field strengths equal to the ^ v^ith 

local susceptibility of a diamagnetic molecu e is 

that of a. ferromagnetic molecule, and jwo 

way with field strength and temperature, n ( b _ mole- 

however, magnetic hysteresis will be inappreciab e y,anical 

cule as a whole possesses a zero ^^gnetio i,, 

hysteresis in diamagnetic media will he o 

ferromagnetic media' Ifc has been hyd^gen 

the magneton may he a constituent of ^ the^hydro- 

molB^mle. This idea may be f be 

carbons in general, where ^be/>^olecu ^ P 

directly calculated from the atomic suscep 12* 2 
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of t<he electrode was observed. The time-volume curves reseiubie 
the saturation curves obtained in radioactive measurements. With 
gold electrode and sulphuric acid, the rate of evolution of gas falls 
off rapidly with time, but for frequencies less than 48, gas is still 
given off at the electrodes for a much longer time than with 
platinum, and the total volmnes of gas are considerably smaller 
than in the case of platinum. In the case of nickel, a copious 
evolution of hydrogen occurred for twenty minutes, beyond which 
the experiment could not be continued, owing to solution of the 
electrode. With barium hydroxide as electrolyte, the rate oi 
evolution decreases with time and with increasing frequency, but 
the time-volume curves are practically straight lines. The volume 
of gas liberated is much greater than in acid solutions. Gold and 
platinum behave very similarly in barium hydroxide solution, but 
nickel only evolves the smallest quantity of hydrogen with a 
frequency of 60 cycles, and even with 40 cycles the volume of gas 
is too small to measure. Two suggestions are put forward to 
explain the phenomena : (i) the oxidation of the electrode, coupled 
with subsequent reduction by the hydrogen of the next haif-period; 
(ii) the absorption and adsorption of hydrogen by the electrode, 
coupled with recombination with oxygen of the next half -period. 
These processe.s are not mutually exclusive, and it is possible that 
both agencies are operative in degrees varying with the metal 
employed. J. F. S. 

Electro-endosmosis and the Preparation of Solid Alkali 
metal Amalgams. Sumner B. Frank and James R. Withbou 
(J. Arfier. Ohem, So'c.^ 1920, 42, 671 — 675). — A number of experi- 
ments on electro- end osmosis show that it is modified by the type 
of porous cell used, but that an increased voltage and current 
density will always cause it to take place. Using solutions of 
potassium chloride, potassium sulphate, strontium chloride, and 
calcium acetate, endosmosis is always observed if the voltage is 
more than 8'. The phenomenon is made very visible by the follow- 
ing experimental arrangement. The solution, saturated by prefer- 
ence, is placed in a beaker fitted with any form of platinum anode, 
and a porous cell is immersed to a depth of about 5—10 mm. in 
the solution, and about 50 grams of mercury, which serves as 
cathode, poured in. Contact is made with the mercury in the 
usual way, and a voltage of 20 — 25 is applied. In about sixty 
minutes, the solution will have entered and filled the porous pot 
to a height of about 3—4 cm. In these experiments, solid 
amalgams of potassium and strontium were obtained, but in the 
case of calcium, no amalgam was obtained, only a mixture of 
calcium hydroxide and finely divided mercury. J. F. S. 

Electrical Characteristics of Dye Colloids. Rudolf 
Keller (Kolloid ZeAtsch., 1920, 26, 173—178. Compare A., 1919. 
ii, 491). — A continuation of the previous discussion {loc. citA), w 
which the reason for the discrepancy between the author’s experi- 
ments and the statements of many textrbooks is given. It is shove 



GEIS'EBAL AND PHYSICAL CHEMISTRY. 


ii. 351 


that the statement of the textbooks refers to dilute solutions of 
dyes where the substances in solution are ion disperse systems and 
the coloured cation naturally travels to the cathode, whereas the 
author’s experiments were carried out with concentrated dye solu- 
tions which were colloid disperse systems and the cation wandered 
in the opposite direction. J. F. S. 


Influence of Molecular Constitution and Temperature 
on Magnetic Susceptibility. IV. Further Applications of 
the Molecular Field. A. E. Oxley {Phil Trans,, 1920, [A], 220, 
247 289. Compare A., 1914, ii, 424; 1915, ii, 219). — A theoreti- 

cal paper in which the discussion previously published is continued. 
The applications of local molecular forcive, in diamagnetic, paramag- 
netic and ferromagnetic media, have been extended to interpret the 
ultimate strength of crystalline and vitrous media. It is to be 
expected, since the permanent set which occurs prior to breaking 
is due to slipping along the cleavage planes within the crystal 
grains, that the material will be fractured when the applied mech- 
anical' stress is equal to that produced internally by the local 
molecular forcive. The inlernal stress within the material is of the 
order 2 x 10® dynes per sq. cm., which is approximately the mean 
of the ultimate strengths of crystalline and vitreous media. As a 
consequence of this internal stress, the energy per unit volume wil 
be 2 X 10» ergs, and this energy is a measure of the latent heat of 
fusion per c.c. It is found that the elastic constants of a variety of 
ferromagnetic, diamagnetic, and paramagnetic media are of the 
same order, several diamagnetic and paramagnetic media even sur- 
passing steel in their power to resist distortion.^ The energy change 
which occurs on crystallisation is compatible with a volume change 
OL the same order of magnitude as that accompanying crystallisa- 
tion, and the change of volume on crystallisation may therefore be 
interpreted as a magneto-striction effect of the hM',al 
forcive. The magnetostriction effect depends on molecular orienta- 
tion, which is proportional to the square of the magnetic 
phy icd interpretation has been given of the large “ 

coefficients J and of the molecular fields in 
diamagnetic crystalline media respectively. les® ^ nindia. 
the reciprocals of the limiting local susceptibilities ^ 
under field strengths equal to the 
local susceptibility of a diamagnetic mo ecu e is 
that of a. ferromagnetic molecule, and the t'™,' J X! 
way with field strength and temperature, n g 

however, magnetic hysteresis will be 

cule as a wLle posLses a aero magnetic mom nt Mechanic, 
hysteresis in diamagnetic media will be of the sam d 
ferromagnetic media' It has been „eS en 

the magneton may be a constituent of the wL- 

molecule. This idea may be extended to «X™“bUiS oaf be 
carbons in general, where the component 

directly calculated from the atomic susceptibilities of the oompo 
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atoms. TK© results in other cases are unconvincing, but the fact 
that departures from the additive law occur in these cases leads to 
the conclusion that some disturbing influence has been overlooked 

F. S.' 

Magnetic Properties of Nickel-Copper Alloys. R, Gans 
and A. Fonseca [Ann, Fhysihj 1920, [iv], 61, 742-752).--The 
magnetic susceptibility of nickel-copper alloys has been measured 
over a range of concentrations from 20'3% nickel to 60’2% nickel at 
temperatures from -230® to 55°, and the transformation point deter- 
mined for each eoncentratio'n. A series of susceptibility measure- 
ments are also given for 15° for the whole of the alloys. The 
results show that the Tammann rule (A., 1909, ii, 16) is not true 
in the present case, and that ferromagnetic substances dissolved in 
non-magnetic crystals yield ferromagnetic alloys. Copper-nickel 
alloys form a complete series of mixed crystals except over the range 
45 — 50 /o nickel, in which nickel crystals 'saturated with copper and 
copper crystals saturated with nickel exist. The present results are 
analogous to those obtained for cobalt-copper alloys, except that in 
this case the gap in the mixed crystal series is considerably larger. 

J. F. S. 

Magnetic Susceptibility of Antimony and Bismuth: 
Form of the Magneton. Hector Isnardi and Richard Gans 
{Ann^ Fhyuk,, 1920, [iv], 61, 585 — 590). — The specific susceptibility 
of bismuth and antimony has been determined by the Weiss method, 
using fields lying between ^f-1029 Gauss and = 13680 Gauss, 
The results show that the magnetic susceptibility of these metals is 
independent of the strength of the field, and that the apparent 
dependence found by Honda and Owen (A., 1910, h, 686; 1912, 
ii, 425) is probably due to the presence of iron as an impurity in 
the material and also to errors of measurement. The following 
mean values are found: bismuth, ~ j;; . 10'^ = 1‘346 ; antimony, 
-\.10''®=0‘8138. From the Gans theory it is shown that tlie 
principal moments of inertia of the magneton are identical. This 
result is obtained only for bismuth and antimony, but judging 
from the measurements of Honda and Owen it is probably true for 
other elements. J. F. S. 

Specific Heat of Carbon Dioxide and Steam. W. T. H.avid 
(Fhil Mag,, 1920, [vi], 39, 551— 553) .—A theoretical paper in 
which the author advances the suggestion that the specific heat of 
steam and carbon dioxide depends not only on the temperature, but 
also on volume and density. At any particular temperature the 
greater the volume of the gas the greater its specific heat, and the. 
greater the density the less its specific heat. In a previous coni' 
munication (A., 1911, ii, 1046) the author has shown that carbon 
dioxide and steam emit radiation in appreciable quantity in the 
neighbourhood of 1000° and very strongly in the neighbourhood o' 
2000°. Consequently, the specific heat of these gases may be 
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expected to vary slightly with volume and density at 1000® and 
very markedly at 2000®. j. ^ 


Secondary Valencies and Fusibility. Arriuo MAzzuccnEi.i.i 
(Gazzetta, 1920, 50 , i, 93— 97).— According to Neniat (" Kiiietische 
Theori© der Materie/' Leipzig, 1913), the varying fusibilities of the 
elements are explainable by their different numbers of primary and 
secondary valencies, the reciprocal attractions of which keep the 
atoms fixed in the crystalline network characteristic of the solid 
state. The author extends this conception to the interpretation 
of certain apparently contradictory regularities in the fusibility of 
metallic and non-metallic compounds. 

With the latter the fusibility diminishes as the number of atoms 
in the molecule increases, the more complicated molecules appear- 
ing to find greater difficulty in assuming the condition of irregular 
movement characteristic of liquids; the same rule holds for the 
volatility, a measure of which is afforded by the critical tempera- 
ture. The correlation between molecular complexity and melting 
or boiling point is most marked in homologous series of carbon 
compounds, and is, indeed, so general for noii-metallic compounds 
that divergences are utilised as criteria of polymerisation in the 
liquid state. 

With compounds of the 7netals, on the other hand, fusibility and 
volatility increase with increase in the complexity of the molecule. 

To explain the different behaviour of noii-metallic and metallic 
compounds the author advances the following considerations. From 
Kernst's assumption that the heavy metals are relatively infusible 
because their numerous primary and secondary valencies hold the 
atoms firmly in the crystalline network, the conclusion is drawn 
that combination of the metallic atom with an increasing number 
of oxygen or other non-metal atoms results in increasing saturation 
of the valencies in the interior of the molecule. Thus, the number 
of valencies available to maintain the molecules united in the 
crystalline aggregate is diminished and the fusibility consequently 
increased. In other words, entry of oxygen, chlorine, etc., intro- 
duces into the molecule that internal saturation of the valencies to 
which oxygen, chlorine, etc., owe their fusibility. This explanatmn 
applies, not only to binary compounds, but also to those of higher 
orders and to hydrated salts. Further, it is not invalidated by the 
information furnished in recent years by X-ray diffraction spectra, 
which show that the various atoms are distributed almost umformly 
in the crystalline network. 


Apparatus for the Determination ' 

L. M. Dennis (/. Ind. F.ng, Chem. \m 12 366— 368). The 
apparatus is similar to that described by Thiele (A-, ^ ^ , n, 

but the lower portion is inclined downwards; the nsing F^ion 
of the loop is of narrower diameter, and enters the ra 
at an angle. It is claimed that there is better circu a . 

sulphuric acdd and a more uniform temperature can e ^i ^ ^ 
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Fractionation Flask tor the Distillation of Frothing 
Liquids. Emil Lenk {Chem. Zeit,, 1920, 44, 330). — The lowev 
end of a condenser is fused on to the neck of an ordinary frac- 
tionating flask at a point below the outlet tube of the latter, and 
ia then bent upwards to form a reflux condenser. These two outlets 
from the flask are connected with a pump, the communication being 
controlled by a three-way tap, so that a vacuum can be produced 
in either direction. In distilling a viscsous liquid the reflux con- 
denser is first exhausted, and the froth will then rise into it and 
the liquid subsequently fall back into the flask. When the liquid 
in the flask is boiling steadily a vacuum is created in the other 
direction and the distillation continued. To facilitate the return 
of substances solid at the ordinary temperature from the reflux 
condenser, hot water may be circulated through the cooling jacket. 
The inner tube of the condenser is constricted at intervals to form 
a series of pear-shaped hulbs. C. A. M. 

A Simple Distillation Apparatus for Separation of Water. 

Geo. W. Walker [ Cheni . 1920, 120, 222). — In distilling 

solvents such as bemsene and chloroform, which contain water, a 
distilling flask with two necks is used. One neck is connected by 
rubber tubing with a condenser, the other by rubber tubing with a 
flask cooled in water. At the commencement of the distillation, the 
tube leading to the condenser is closed by a clip, and the water 
allowed to distil off info the flask. The first clip is then opened, and 
the tube leading to the flask closed by a second clip. Distillation 
of the solvent then proceeds. J. K. P. 

The Energy of the Atomic Linkings in Diamond and 
in Aliphatic Hydrocarbons. K. Eajans (Ber., 1920, 53, 
\B], 643 — 665). — The heat of combustion of a saturated aliphatic 
hydrocarbon may be regarded as the result of the heat of 
formation of a carbon hydrogen bond (^r), that of a simple C-C 
linking in compounds (?/) [the similar linking in diamond being 
denoted by y''J, the heat of formation of liquid water from 1 gram 
atom of atomic hydrogen and molecular oxygen (y), and the heat 
of formation of gaseous carbon dioxide from 1 gram atom of atomic 
cafbon (monatomic carbon vapour) and molecular oxygen ( 2 ). Tor 
the special cases of propane and ethane the expressions may be 
written: — 8r‘-r8i; — 2y-f 3z = 526'7 and — 6a: + 6v — 22 — 370'9, 
by subtraction of which there is obtained -2.'r+2tJ--y-t z=155'8 
Cal. as the expression of the increase in the heat of combustion due 
to the addition of the methylene group. Since z and v are indepen- 
dent of the substance under investigation, it follows that tbe 
magnitude y/^-2;r ,is subject to but little variation, which is mod 
simply explained by the hypothesis that x and y are constant to a 
first approximation, that is, the energy of a simple C-C or of a 
C-K linking is practically the same in different saturated alipbah^^ 
hydrocarbons.. Further, an examination of the available data for 
various hydrocarbons leads to the conclusion that the energy of tbe 
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e_2y = 96 6 18 obtained; the number is rather conaSlv 

mfluen^ by alight experimental errors in the data on whiA k 

' ‘r '’f suitable 

tiona le^s to fte ^nation r-5y = 98±8. The recent work of 

Kruger (this toI., ii , 145) allows ti to be evaluated at 74'4±2'8 Cal 
Ktow the heat of combustion of the diamond is the result of two 
factors («) the heat required to convert solid diamond into mona- 
tomic carbon vapour [heat of sublimation], and (b) the heat of 
combustion of the vapour {z) to carbon dioxide. Usin? Roth’s 
values, one obUins z~2y>r~.UA Cal Since, however 

y --^ = 2+4 Cal, from which it k deduced 
that the heat of formation of a C-C linking in saturated hydro- 
carbons is practically the same as that in diamond. Since «/ is 
known, y is practically equal to y^, and 2yi represents the differ- 
ence in energy between solid diamond and monatomic carbon 
vapour, the problem of dissecting the heat of formation of hydro- 
carbons resolves itself into the estimation of the heat of sublima- 
tion of diamond. This has been estimated by Pajans {Zeitsch. 
Physik, 1920j. 1, 101) to be 287 Cal The following values can thus 
be deduced: Cal, y = 137 o Cal, v = 74-4, and a:g=117 Cal 

The data are applied to the calculation of the heats of formation 
of a series of hydrocarbons, both from diamond and hydrogen and 
from the atomic substances \ in the latter case large positive values 
are always indicated, and it is interesting to note that the forma- 
tion of the C--C and CiC linkings is associated with the develop- 
ment of 252 and 365 Cal respectively, whereas the production of 
the C-C borid only evolves 136 Cal Strictly speaking, it should be 
observed that the values assigned to the energy of the various 
linkings are only valid when all other available valenciea of the 
carbon atoms are saturated. 

Similar considerations are applied to the combustion of carbon 
in oxygen. The relatively smaller development of energy which is 
associated with the first stage of the oxidation is only apparent; 
when the heat of sublimation of diamond is taken into account, the 
equation may be written = + 314 Cal, whilst CO + 

40.2 = C02+ 67-8 Cal. 

The paper concludes with a criticism of the recent communica- 
tions of .von "Weinberg (A., 1919, i, 314) and Padoa (A., 1919, 
ii, 97), for details of which the original must be consulted. 

H. W. 


The Energy of Atomic Linking in Graphite and in the 
Aromatic Hydrocarbons. A. L. von Steiger {Ber., 1920, 
'53, [/?], 666—680 ' Compare Fajans, preceding abstract). -The 
investigation was undertaken with the object of referring the 
unique position of aromatic ring systems in organic chemistry tci 
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the peculiar nature of Uieir carbon atoms. It has been shown by 
Debye and Scherrer (A., 1917^ 437) from a consideration of the 

crystalline structure of graphite that the carbon atoms in the latter 
may be regarded as ter valent if the energy of the fourth bond is 
neglected on account of its smaller order of magnitude. Proceeding 
in the same manner as Fajans (Zoc. cii), the author finds that, for 
purposes of calculation, the carbon atoms of purely aromatic hydro- 
carbons which are made up of simple or condensed six-carbon rings 
may be regarded as ter valent, and that all C-C linkings are equiva- 
lent. It is further found that the energy of the C-C linking in 
graphite is very nearly the same as in aromatic hydrocarbons. Since 
the molar heat of sublimation of graphite has been calculated 
(Fajans, Zeitsch. Fhysik^ 1920, 1, 107), it is therefore possible to 
calculate the heat of combustion of an aromatic hydrocarbon, tlie 
constitution of which is known. It is interesting to note that the 
energy of the C-C and C-H groups in aromatic is greater than in 
aliphatic hydrocarbons, the respective values being 187'3 and 137 o 
for the former and 137*7 and 117 Cal. for the latter. 

Basing his ideas on the equality of energy of the C-C linking in 
graphite and in the purely aromatic hydrocarbons, the author traces 
a close analogy between the six-membered rings of the carbon 
planes in the former and the six-ring system of the latter, and is 
thus led to the following conception of the constitution of aromatic 
ring systems. The latter are composed of carbon atoms, which have 
the same disposition of valencies as the carbon atoms in graphite. 
The distance from one another is approximately l‘ 45 xl 0'8 (jjjj 
The chief valencies lie in a plane and make an angle of 120® with 
one another. The existence of free subsidiary valencies of a smaller 
order of magnitude in the aromatic ring is very probable, and, if 
the analogy with graphite may be pushed so far, they must be 
considered as placed at right angles to the plane of the six-carbon 
ring. H, W. 

Pressure and Temperature-coefficients, Volume, and 
Heat Effects in Bivariant Systems. P. H. J. Hoenen (Fm. 
K. Akad, 'Wetensch. Am&ttnlam, 1920, 22, 526 — 530). — A mathe- 
matical paper in which equations are developed by which the com- 
position may b© calailat^ of each phase of a system having n 
coniponente in which there may be n co-existing phases and in 
which p and T are independent variables. Further equations are 
developed for calculating the relation between the pressure- and 
temperature- coefficients for the transition of the components 
one phase to another in a system of n components and I phases 
whMX n^l; further expressions give the heat' effects and tlie volume 
changes which accompany the transition. J. F. S. 

Van der Waals's Force of Cohesion. P. Debye {Pkysihi 
Zeitsch. , 1920, 21, 178 — 187). — A theoretical paper in which, from 
a consideration of electrical attraction of two molecules for one 
another, expressions are derived whereby the van der Waals’s con- 
stant h may be calculated. Further expressions are developeo 
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whereby the surface tension and the Ebtvbs constant may l)e calcu- 
lated. J. F. S. 

The Falling Sphere Viscosimeter. William IIowieson 
Gibson and Laura Mary Jacobs (T., 1920, 117, 473—478). 


Orientation of Molecules in Surfaces, Surface Energy, 
Adsorption, and Surface Catalysis. V. Adhesional 
Work between Organic Liquids and Water. AN'iluam L. 
Harkins, George L. Clark, and Lathrop E. Roberts (J, Amer. 
Chem. Soc., 1920, 42, 700—712, Compare A,, 1917, ii, 238, 239; 
1916, ii, 222, 223).— A table is given which contains the free 
surface energy, the adhesional work per sq. cm., the interfacial free 
energy, the surface adhesion, and the densities of about seventy 
organic liquids. Of these liquids about thirty-four have been 
freshly investigated. The data presented are in kee]}ing with the 
view that the molecules at interfaces are oriented. It is assumed 
from the formulae that carbon disulphide has a symmetrical mole- 
cule and ethyl mercaptan an unsynnnetrical molecule. The cohe- 
sional work is much greater in the former case than in the latter, 
62'8 ergs per sq. cm. instead of 43’ G, \vhilst the adhesional work 
between water and carbon disulphide is much less (55 '8 ergs per 
sq. cm.) than it is betw'een water and mercaptan (68’5 ergs per sq. 
cm.). These fact.s are readily explained by the orientation theory. 
Thus the attraction betw^een octane and water is relatively small, 
the adhesional \vork b^ing only 4 3’ 7 6 ergs. The octane molecule 


contains 26 atoms, and yet the introduction of one oxygen atom at 
the end of the chain more than doubles the adhesional work, and 
increases it to 9T77 ergs. A similar introduction of one oxygen 
atom into fsopentane increases the adhesional work towards water 
from 36 ’9 to 92-5, an increase of 150%. The substitution of an 
amine group for a hydrogen atom at the end of a chain causes a 
similar increase, as also does the substitution of — COOH, — LN, 
-CO, or any similar groups. The great magnitude of the effect, 
when it is considered that the addition of 1 atom to 26 causes an 
increase of 132%, is strong evidence that the oxygen is turned 
towards the water. It is found that in only thr^ cases out of fifty- 
eight is the cohesioiial work of an organic liquid greater than its 
adhesional work tow'ard water. The three substan^ are carbon 
disulphide, ethylene dibroinide, and acetylene tetrabromide. ihe 
excess of the adhesional over the cohcsioiial work increases as the 
symmetry of the molecule decreases. This is also strong evidence 
in favouh of the orientation theory. The benzene hydrocarbons are 
more polar than the paraffin hydrocarbons. Aniline is found to be 
extremely polar in comparison with most of the organic iqui a 
The polar characteristics of the benzene derivatives are distnbuk 
much more over the whole molecule than is ^ 
paraffin derivatives. The total surface energy and the surface 
energy are not due to the orientation of the molecu es, 
stray surface field, and this is decreased by the onen a ^ g 
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Adsorption and Solubility. E. F. Lundelius (Kolloid 
Zeitsch., 1920, 26, 145 — 151), — TKe adsorption of iodine from solu- 
tions in carbon tetrachloride, carbon disulphide, and chloroform by 
blood charcoal has been determined at 19 — 20^. The results are 
plotted as absorption isotherms for the surface of 1 gram of char- 
coal. In general, the results show that the adsorption is inversely 
proportional to the solubility. The adsorption of vapours of 
toluene, carbon disulphide, carbon tetrachloride, chloroform, benzene, 
and hexane by blood charcoal has also been determined, and it is 
shown that approximately equal volumes of the various substances 
are adsorbed from their saturated vapours, from which it follows that 
the thickness of the layer of adsorbed material is the same in all 
cases examined. J. F. S. 

Relationship between the Height of Capillary Rise, the 
Time, and the Concentration in the Capillary Rise in Filter 
Paper. Hans Schmidt {Kolhid Zeitsch., 1920, 26, 152—159. 
Compare A., 1913, ii, 721 ; 1919, ii, 185). — The height to which 
solutions of glycerol and dextrose of various concentrations rise in 
filter paper has been determined at temperatures 15 — 17°. Also 
the rate of rise has been ascertained in all cases. The results show 
that the constant of the velocity of capillary rise is inversely pro- 
portional to the viscosity of the solution. It is also shown that it 
is possible, from the relationship between* the time required by a 
given solution to rise to a definite height and that of pure water, to 
calculate approximately the concentration of the solution, 

J. F. S. 

Cause of the Influence of Ions on the Rate of Diffusion 
of Water through Collodion Membranes. I. Jacques Tjokb 
(J. GeM. Physiol, 1920, 2, 387 — 108).— In this paper it is shown 
that in electrical end osmose through a collodion membrane the 
influence of electrolytes on the rate of transport of liquids is the 
same as in free osmosis. Since the iullueuce of electrolytes on the 
rate of transport in electrical end osmose must be ascribed to their 
influence on the quantity of electrical charge on the unit area of 
the membrane, it follows that the same explanation holds for the 
influence of electrolytes on the rate of transport of water into a 
solution through a collodion membrane in the case of free osmosis. 
It may, therefore, be concluded that when water is separated from 
a solution of an electrolyte by a collodion membrane, the rate of 
diffusion of water by free osmosis is accelerated by the ion with the 
opposite sign of charge to that of the watery phase of the double 
layer, and that it is retarded by ions with like charp. The influ- 
ence of the ions of an electrolyte in raising or lowering the charge 
on the unit area of the solution side of the membrane, compared 
with that on the water side, will determine whether osmosis is posi- 
tive or negative. A further conclusion is that in lower concentra- 
tions of many electrolytes the density of electrification of the 
double layer increases with an increase in concentration, whilst 
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higher concentration of the same electrolytes it decreases with 

increase in concentration. In the case a 

the turning point lies about 3//5i2 or .If/256. ^j^trolytes 

“irL'tS £ 5/- ‘r;- If;«- f 

,“lcr iiSf “ Tin: "'“U *»rs.7,r 

(ci/8p), . (0f/3J)p ” I <3, IS a particular case of a more general 


(Txjip), ■QxjT+ (dxl~(iT)p . 6, Fj + 

('F/f|>)r . QyjT^ , A F„ + etc. = 0, 

in which (Ba:/3j,) and (oyjip), are the pressure-coefficients of the 

solubility of * and y respectively, itxItT), and (n/joT), are the 
temperatur^coeUicieiits, and Af, the differential increase in 
volume due to ir and y respectively. J F S 


Determination of the Dissociation Constants of some 
Mineral Acids. Emile Blanc (J. Chim. Phys., 1920, 18 
28—45).— The degree of dissociation of a number of acids'and the 
degree of hydrolysis of the sodium salts of some of them have been 
determined by means of conductivity, potential, and the indicator 
methods. The following values for the degree of hydrolysis are 
found at 25° for the sAIts named: sodium phosphate 0'012.V is 
hydrolysed 34T%; disodium hydrogen phosphate, 0-012.V, 0'0G6%; 
sodium phosphite, O'OOTSJ, 0-021%; sodium dihydrogen arsenite, 
0-0104 a¥, 0-394%; sodium arsenate, 0'002¥, 8-0%; disodium hydro- 
gen arsenate, 0-002iV, 0'0453%; sodium selenite, O'OIOS.Y, 0-379%; 
sodium hydrogen tellurite 0-0075 J, O' 0022%; sodium tellurite, 
O'OOToiY, 0-773%; sodium hydrogen tellurate, 0-0093iV, 0-117%; 
sodium tellurate, 0-00933', 13' 97%; potassium molybdate, 

0-009757V', 0 - 359 %; and potassium tungstate, 0-01G2.Y, 0‘0n%. The 
following new dissociation constants have been calculated from the 
experimental resulte: phosphorous acid, 7u = 2 x lO"'’; arsenic acid, 
jfir2=4 X lO"'**; 7fg = 6xl0"i%; selenious acid, /lj = 2xl0“®, 
5x10”®; tellurons acid, ^"^-=2 x IQ-^, A^^IxlO'®; telluric acid, 
A>6 X 10-?, A>4 X 10-”. “ J. F. 8. 


A Model for Demonstrating Crystal Structure. Hkrrkrt 
P. Whitlocu [Amer. J. iSci., 1920, [iv], 49, 259— -2641.- The model, 
which is used for demonstrating the spatial distribution of the 
atoms in a crystal as revealed by the 3'-ray method of Bragg, con- 
sists of a number of thin glass rods mounted vertically in a double 
diaphragm perforated with holes arranged in a symmetrical pat- 
tern, a centred square pattern, for instance, for cubic, tetragonal, 
and orthorhombic crystals, or an equilateral triangular pattern for 
hexagonal and rhomb ohedral crystals. The atoms are represented 
by spherical wooden beads bored with a hole to fit the rods. The 
beads are spaced accurately on the rods to represent different 
groupings of atoms, and are fastened in position by a drop of glue. 
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Beads of diiferent colours are used to represent different kinds of 
atom. E. H. R. 

Difierentiation between Molecular and Colloidal Solutions. 

Wa. Ostavald {KoUoid ZeiUch., 1920, 26, 138—140). — It is sug- 
gested tbat molecular and colloidal solutions may be differentiated 
by an examination of the ice produced by freezing them. In the 
colloidal solutions it is suggested that a difference in composition 
of successive horizontal layers may be found, due to the settling 
of the colloidal particles during the freezing. J. F. S. 

Automatic Sedimentation Recorder and its Use in some 
Colloid-chemical Problems. Sven Oden {KoUoid Zeiisch.^ 
1920, 26, 100—121). — An appai’atus is described whereby the rate 
of sedimentation of a suspension may be automatically recorded. 
The apparatus consists of a thin gold-plated disk, which is sus- 
pended to one arm of a sensitive balance and hangs inside a cylin- 
der of nearly the same diameter in which the suspension is placed. 
The precipitation plate is exactly balanced by weights on the other 
pan, and when a small quantity of the suspended matter falls on 
it, it sinks; this operates an electric contact, which by means of 
relays causes a small iron pellet to be thrown on the weight pan. 
The precipitation plate is thus raised, and the contact broken. 
Each time the two pans are of exactly the same weight a mark is 
made on a slowly rotating paper coil which marks the time. Thus 
the weight and time, and consequently the rate of sedimentation, 
are known. This apparatus has been used in determining the 
mean and actual diameter of suspeusoid particles in the case of 
silver bromide, the aggregation time, and the dependence of the 
aggregation time on the concentration of the particles and the 
electrolyte concentration. J. E. S. 

Coagulating Power of some Electrolytes. (Mlle.) N. 
Bach (/. Chim, Fhys., 1920, 18, 46 — 64). — The relative coagulat- 
ing power of ions of the alkali metals and the halogens has been 
determined by means of a new method, which consists in measuring 
the opacity number of the electrolyte. The opacity number is the 
number of c.c. of a normal solution of the electrolyte Avhich will 
produce a definite turbidity in a colloidal solution. This quantity 
can be determined with great precision, and consequently the 
method is well suited to this purpose. The coagulating power of an 
electrolyte is the reciprocal of the opacity number. It is shown that 
the ratio of the opacity numbers of two electrolytes depends only 
on the nature of the colloid, and it may be that it is even indepen- 
dent of this. The opacity numbers are all referred to that of 
potassium chloride as unity. It is found that the coagulating 
power of the alkali ions follows the order: Cs‘>Rb*>NH 4 '>K > 
Na'>Li’ and the halogen ions Ch>Br'>I^ Other things being 
equal, an alkali ion coagulates a negative colloid more powerfully 
and protects a positive colloid more effectually the more electro- 
positive it is, and a halogen ion coagulates a positive colloid and 
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protects a negative colloid more strongly the more electronegative 
it is. The coagulating power ia always much more marked than 
the protecting power, In the case of the halogen ions the difference 
between the discharge potentials is proportional to the difference 
between the coagulating power. The coagulating power of potass- 
ium chloride mixed with hydrochloric acid, potassium hydroxide, 
barium chloride, potassium sulphate, lanthanum chloride, sodium 
ritrate, and potassium ferrocyanide has also been measured, and it 
IS shown that both the coagulating power and the protecting power 
are additive. It is also shown that colloidal solutions are extremely 
sensitive to traces of multivalent impurities. J. F. S. 

Direct Experimental Determination of the Concentration 
of Potassium and Sodium Ions in Soap Solutions and Gels. 

Cyril Sebastian Salmon (T., 1920, 117 , 530 — 542). 


Emulsions. I. A New Method of Determining the 
Inversion of Phases. Shanti Swarupa Bhatnagar (T., 1920, 
117 , 542—552), 

Non-, Uni-, and Bi-variant Equilibria. XX. F. A. H, 

Schreinemakees {Froc. 71, AhuL \\UUnHh. Airi&terdam, 1920, 

22 542 554. Compare A., 1917, ii, 454 ; this vol., ii, 169).— A 

further theoretical paper dealing with the conditions of equilibrium 
in non-variant, uni-variant, and bi-variant systems. The present 
paper deals with the equilibria of n components in n ph^ea, in 
which the quantity of one of the components approaches the zero 
value, and the inlluence of a new substance on a non-variant or 
T) equilibrium. 

Eciuilibrium Conditions of the Reaction between Silver 
Sulphide and Hydrogen. F. G. Kkyes and IV. A. Ielsisg 
67 CUm. Soc., 1920, 42, 246-251),-Tlie equihbnu.,, 

Ag.S + H, — 2 Ag + 1-1,8 has been investigated at the temperattires 
750°, 811°, and 890° absolute, by the method and with 
tus previously described by Keyes (A., 1912, u, 627). The follov 
hw values of the equilibrium constant were obtained . ^41 15 , 
?=r369 811 - 25 °T = 0'325; and 889'63°, A = 0-278^ From the 
results It is shown that the heat of ^ ^ 

4<.,S + H,.= 2Ag + H,S + 2410 cal. The equilibrium constant 

between 750° aid 89”0° absolute, is 

temperature by means of the expression og,o^ -■ energy over 
The corresponding expression *1 rTL J6 = 2408 - 5 - 2 ^ 63 T. 
thp tAUTOprature range IS - a/ -m gc t t? c 


Heterogeneous Equilibria between g® 

Solutions. Interaction of Mixed ‘^““sodinm 

Liquid Amalgams. VI. loni^tio. Iodides in 

and Potassium Chlorides, Bromi s, 

Mixtures. L. S. Wells and G. f ' gV- 1917 , ii, 456). 

Soc., 1920, 42 , 135—20,5. Compare A', 191°. amalgams and 
-The equilibrium between sodium and potassium g 
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mixtures of sodium and potassium chloride, bromide, and iodide 
r^pectively, has been investigated. It is shown that at a fixed 
total salt concentration the value of the equilibrium constant 
(7c=:nX^ = (Kjij(NaX)/{NaHg)(KX) decreases vtith increasing con- 
centration of the amalgam. At fixed amalgam and total salt con- 
centrations, but with varying salt ratio, the value of (7c is constant 
At a fixed amalgam concentration the value of Cc decreases with 
the increasing concentration of the mixed (equivalent) salt solu- 
tion. Ion-fraction calculations are put forward for aqueous binary 
salt mixtures containing the salts in equivalent proportions. It is 
found that the simple potassium-ion fraction decreases, whilst the 
sodium-ion fraction correspondingly increases with the increasing 
total salt concentration. These changes take place the more rapidly 
the higher the average atomic weight of the halogens in the mix- 
ture. These results are not in keeping with the view that at equi- 
valent concentration salts of the same type are ionised to the same 
extent. The general results of the work are readily explained in 
terms of Werner’s theory concerning the formation and dissociation 
of higher order compounds. J. F. S. 

Rate of Corrosion of Aluminium. Georg r Hkrrert Bailey 
(/. Soc. Cheni. Ind,, 1920, 39, 118— ]20t).— A measure of the 
extent to which a sample of aluminium is corroded, in terms of the 
metal so corroded per day per 100 sq. cm. of surface, ia given by 
(7.K = 9/8(*Si -t-w- IF), where IF is the weight of the sheet employed, 
w its weight after exposure, and S the weight of the precipitate 
obtained after ignition. The variation of CU with the concentra- 
tion of the corrosive solution employed at 12° is shown by a number 
of curves in which log CR is plotted against concentration. In the 
case of sodium, potassium, and barium hydroxides the curves are 
straight lines showing increasing attack as the concentration 
increases, whereas the ammonia curve rises to a maximum and then 
falls oS. For the mineral acids, CR is fairly steady up to O'SOiVj 
iu the case of hydrochloric acid the curve then rises very steeply, 
whilst the curves for nitric and sulphuric acids rise more gradually 
to maximum values and then fall. At ordinary temperatures corro- 
sion ceases, for example, in the case of sodium hydroxide or hydro- 
chloric acid, when the solution has become exhausted, but at higher 
temperatures, in the neighbourhood of 100°, attack continues inde- 
finitely, with formation, in the case of hydrochloric acid, of col- 
loidal basic salts. The formation of a protective coating causes the 
rate of attack to fall off considerably vdth time, more rapidly in 
the case of impure metal than with purer specimens. The protec- 
tive film, in the case of ammonia, is only about O’Ol mm. in thick- 
ness, but it has considerable insulating power for high-tension 
electric currents. E. H. R. 

The Reversible Reaction between Iron and Steam. E. 
Schreiner and F. B. Geimnes (Zeitsch. anorg. Chem., 1920, 110, 
311 — 334).^ — Measurements of the equilibrium pressures of water- 
vapour and hydrogen in the reaction Fe- 1 -H 20 ^ FeO-^H 2 
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made between 595® and 920®, using an apparatus similar to that 
ftrst employed by Deville {Compt. rend., 1870, 70 , 1105, 1205). It 
waa sbown that refinements in the apparatus introduced by other 
workers with the object of accelerating the diffusion of the gases 
in the reaction tube were unnecessary. The values obtained for 
K Vu good agreement, starting from either side of 

the ectuiiibrium position. There are considerable discrepancies 
between the results obtained by different workers, particularly at 
high temperatures, where, in all cases, the value of K is much 
lower than that calculated from thermodynaiuic principles. The 
discrepancies are probably due to reactions in the solid phase, for 
example, the formation of solid solutions between iron and ferrous 
oxide, or to the different behaviour of different modifications of 
iron. Further experiments are suggested to test this hypothesis. 

E. H. R. 

The Influence of the Solvent on the Velocity of Reaction 
between certain Alkyl Iodides and Sodium ^-Naphthoxide. 

Henry Edward Cox (T,, 1920, 117, 493—510). 

Hydration as an Explanation of the Neutral Salt Effect. 

Arthur John Wilson (. 7 . Amer. (Jhem. Soc., 1920, 42 , 715—720). 
— Tho addition of 120 grams of sodium chloride to chrome tanning 
liquor (17 grams of as sulphate per litre) increases the hydro- 

genJou concentration about 50% and prevents the liquor from 
tanning skins. Other experiments show that the amount of 
OTA-sodium hydroxide necessary to produce a precipitate of basic 
chromic salts increases if certain neutral salts are added to the 
liquor, thus : 1C c.c. of the untreated liquor required 3'7 c.c., but 
the addition of O’ 04 gram of sodium chloride increased the amount 
to 6‘8 C.C. Using many salts tho order of increase in the amount 
of sodium hydroxide required increases with the salts, potassium 
chloride (4’0 c.c.)<ammoiiium chloride<sodium chioride<mag* 
iiesium chloride < magnesium sulphate < sodium sulphate < 
ammonium sulphate (IF 6 c.c.). The author attributes this 
action to the hydration of the added salt with consequent 
increase of the acid concentration, and he calculates the number of 
molecules of water combined with one molecule of the salt in the 
ease of sodium chloride for a number of dilutions; the following 
values are given; AN, 10‘9; 3A, 13’2; 2J', 16'3; J, 20 5; A/10, 
25’5; A/lOO, 26*1; A/ 1000, 26*2; infinite dilution, 26- 2. The 
hydrations of all the salts used are calculated for infinite dilution, 
and the following values obtained ; potassium chloride, 15 ; ammonium 
chloride, 15 ; lithium chloride, 35 ; barium chloride, 50. J, F. S. 

The Action of Finely Divided Gases. C. Zenghklis 
(JJompt. rend., 1920, 170 , 883— 885).— The author attributes the 
action of gases in the nascent state to the fact that they are in an 
extremely finely divided state. This explanation is based on the 
fact, that he has been able to obtain numerous reductions, such as 
of solutions of mercuric chloride, potassium chlorate, or potassium 
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nitrate, or oi’ a saturated aqueous solution of carbon dioxide, by 
passing Hydrogen, generated in an external vessel, into the liquid 
through filter-paper or dialysis parchment. Under somewhat simi- 
lar conditions he has perform^ certain oxidations and bronght 
about the combination of nitrogen and hydrogen in the cold. The 
reactions are, of course, slower under these conditions than when 
the nascent gases are used, because the state of division is probably 
not so fine. W. G. 

Catalysis. XIII. Contact Potentials and Dielectric 
Capacities of Metals, in Relation to the Occlusion o{ 
Hydrogen, and Hydrogenation. William Cudmore McCullagu 
Lewis (T., 1920, 117, 623—638). 

Catalytic Oxidation at Solid Surfaces : Some Factors 
Controlling the Rate of Hydrogenation of Ethylenic Com- 
pounds in Presence of Nickel. E. Frankland Armstrong and 
T. P. Hilditch (/. Soc. Chem. bid., 1920, 39, 120— 12 4t).— The 
hydrogenation of ethyl ciniiamate and of anethole in presence of 
nickel at 140° and 180° takes place at practically a linear rate 
throughout the greater part of its course, when a free current of 
hydro-gen is maintained. When, however, the reaction is carried 
out in a closed system, the rate gradually falls off and the curve 
approximates to the logarithmic type. This is due solely to the 
decreasing concentration of the hydrogen, caused by the gradual 
accumulation of gaseous impurities from the hydrogen and, to a less 
extent, from the organic compound. The results confirm the 
authors’ previous conclusions drawn from a study of the hydrogeir 
at ion of olive, cottonseed, linseed, and whale oils (A., 1919, ii, 403; 
this vol.. ii, 102). The hydrogenation of anethole gives rise to a 
crystalline by-product which has not been identified, bnt ethyl 
cinnamate is reduced quantitatively to ethyl j8-phenylpropionate. 

E. H. E, 

Catalytic Hydrogenation with Protected Hydrosols. Ehic 
K, Eidbal (J. Amer, Chem. Soc., 1920, 42, 749— 756).~The 
effect of a protective colloid on the reaction velocity of a hydrogen 
ation process in the presence of colloidal platinum and palladium 
has been studied, and the results lead to the conclusion that the 
protecting colloid functions as a peptising agent, in ^reemeiit 
with Bancroft’s hypothesis (A., 1917, ii, 129). The addition of a 
small quantity of a palladium sol to a platinum sol greatly 
enhances its activity, and it is suggested that promoter action may 
in part be due to peptisation. The mechanism of catalytic action^ 
in the presence of colloidal metal appears to conform rather to the 
diffusion hypothesis than to the colloid reactant complex theory. 
Abnormalities are equally explicable on the single-layer theop^ 
as on the view that the retardation of diffusion is caused hy the 
products of the reaction. The various reactions were studied^ h) 
means of the influence of the colloidal metals on solutions of sodiu® 
phenylpropiolate in the presence of gum arabic. J- F. S. 
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Rhythmic Mercury-Hydrogen Peroxide Catalysis. 

Tokiharit Okaya (Proc. Fhp, Math, Soc. Japan-, 1919, [iii], 1. 
283—294). — The theory detluced hy the author in connexion with 
the rhythmic precipitation of silver chromate in gelatin and the 
rhythmic evolution of carbon monoxide during the dehydration of 
formic acid (A,, 1919, ii, 504) has been applied to the rhythmic 
mercury-hydrogen peroxide catalysis, and verified experimentally. 
An equation is developed, by means of which the accumulation 
constants, are shown to be constant throughout the reaction. 

Chemical Abstracts. 

Structure of Matter and the Quantum Theory. F. H. 

Coring (Chem. Neivs, 1920, ‘l20, 181—184, 193 -196, 205 -207, 
217—219). — Atomic weights are derived from that of hydrogen, 
H — T008, by what is called an ‘'electroinagnetic multiplication 
table” : 

If 1 xl-008-1‘008 (a), 

and 4 x 1-008 = 4-000 (d), 

then 2 x1-008 = 2-004 (6), 

and 3 x 1-008-3-002 (c), 

where hydrogen ; c/ — helium; ?> = nitrogen snb~atom ; r nuorine 
suh-atom. Carbon and oxygen should then be: C - 3IIe- 12 000 ; 
0 = 4He=16-000. Nitrogen and fluorine are: N=3IIe i-5“ 
14-004; F = 4He'f c = 19-002. The changes of mass in the table 
are as.sumed to have their origin in energy changes during the 
condensation of the constituents of the complex atoms. If helium 
atoms are assumed as units of atomic structure (4-000), and aiomio 
outriders, or sub-atoms, a, b, c, d, added, the results are said not. 
to differ appreciably from the accepted atomic weights. The main 
results obtained in connexion with the quantum theory and 
positive rays are summarised. The author speculates on atomic 
structure, isotopes, and valency, •!. R. P. 

The Atomic Weight of Hydrogen and its Relation to 
Prout’s Hypothesis. Alois Bilecki [Zeic-nh. anorfi. Che^n., 
1920, 110 , 335-— 338).— It has been shown in a previous paper 
(A., 1917, ii, 197) that the atomic weights of a number of elements 
are multiples of 7i=0'S076923, where n = 16/52. It is now shown 
that w/4(),_ =0-007692307, is a number of fundamental importance. 
A critical examination of published determinations of the atomic 
weight of hydrogen (0 = 16) establishes the value 1‘0077 for this 
quantity., The fraction 0*0077, it is pointed out, is almost exactly 
equal to n'/40. 

The Atomic Weight of Phosphorus in Relation to that 
of Silver. Alois Bilecki {Zeilsch. anorg. Chem., 1920, 110, 
339— 340) .—The fundamental number n (preceding abstract) 
becomes =0-30t35042? when Ag = 107*88 instead of 108. The 
atomic weight of phosphorus, determined through the halogens 
with respect to At^ = 107-88, is practically identical with 101 

31-04235. " E. H. R. 
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The Relation of the Atomic Weight of Barium to that of 
Silver. Alois Bilecki {Zeiisch. anorg. Chem.f 1920, HO^ 
341 — 344). — The atomic weight of harium (Ag = 107-88), 137 *37, is 
practically identical with 44771^=1 37 ‘38563, where 
O' 30735042 7, When the atomic weight is found hy analysis of 
the bromide, the value found is 0'011%, and by analysis of the 
chloride, O' 040 3% low. E. H. R. 

Radioactive Disintegration of the Atomic Nucleus. Hans 
Tii. Wolff [Physikal. Zeihch., 1920, 21, 175—178). — A 
theoretical paper in which, accepting the hypothesis of Lindemann 
(A,, 1915, ii, 720) that the instability .of the atomic nucleus depends 
on a large number of particles which move independently inside 
the nucleus, and assuming that these particles follow Bohr’s law 
in respect of the moment of impulse in their orbital motion, and 
that the velocity of the a-particle is the same within the nucleus as 
it is outside, a formula is deduced, from the Greiger-Nuttall rela- 
tionship between the disintegration constant and the range of the 
a-particles and from the relationship between the velocity and 
range of the a-particles, whereby the disintegration constant is. 
expressed as a function of the rotation number of the particles 
which are expelled as a-rays. A corresponding formula is 
developed from purely theoretical considerations, and an equation 
giving the conditions which must hold for both fonnul® to be 
identical. The fomulge are applied to the case in which the 
motion, of the particles under consideration, undergoes no change 
during a single step in the disintegration of the atom. J. F. S. 

Arrangement of Electrons in the Elements of the Long 
Periods. H. Ladenburo { NaUmcm ., 1919, 8, 57 ; from 
Zentr,, 1920, i,. 599 — 600). --In his previous communication (this 
vol., ii, 301), tbo author did not tahe into account certain definite 
results obtained by Baerwald in connexion with the irregularities 
ill the atomic volume curve, since they were unknown to him at 
the time. H. W. 

The Binuclear Atomic Theory and the Disintegration 
of Nitrogen. 0. Hinsberg {Chem. Zeii., 1920, 44, 294).— The 
observa-tion of .Rutherford (A., 1919, ii, 260) that by bombard- 
ment with a-particles from radium-(7 the nitrogen atom is dis- 
integrated, with the production of rapidly moving hydrogen 
particles, is in agreement with the author’s theory that the. elements 
of the fifth to the eighth groups of the periodic system possess two 
valency centres (A,, 1910. ii, nOoV Rutherford considers that the 
hydrogen nucleus which is separated from the nitrogen atom by 
the a-particle is situated relatively far from the principal nucleus 
of the nitrogen atom. In all probability, Rutherford’s principal 
helium-containing nucleus in the nitrogen atom is identical with 
the author’s postulated quadrivalent nucleus, whilst his hydrogen- 
containing nucleus corresponds with the author’s univalent nuclei*" 
in the nitrogen atom. E. H. K. 
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^solute Saturation of the Attractive Forces Acting 

«Am, 1920, 26 , 161— 171),-_A theoretical paper in which the 
absolute saturation of the a tractive forces between atoms and 
molecules is considered. Absolute saturation is defined as follows' 
If an atom or molecule attracts a molecule .-IS from infinity with 
a force and each of the atoms separately with forces and 
respectively, then when F„,<F, + F,„ an absolute saturation 
of the forces and F^ takes place in the formation of the mole- 
oule A7i. A number of ca.ses are cited to show that absolute 
saturation is of common occurrence, among which are included 
adsorption of gases. It is shown also that in a non-additive field 
of force, particularly in interatomic and intermolecnlar fields, which 
show absolute^ saturation, the heat of formation of the molecule 
changes with its position in the field, even when the field is homo- 
geneous. Hence it follows that non-additive fields, which exhibit 
absolute saturation, can only be pro<.laced from hetero-polar 
systems. j_ p g 


Barger’s Microscopical Method o! Determining Molecular 
Weights. I. The Principle of the Method with Reference 
to the Molecular and Ionic Attraction of Solute for Solvent. 

Kitmao Yama"kami (^Biochein. J,, 1920, 14 , 103 — 113). — It is proved 
that the force which effects the volume change in the drops is not 
simply the vapour pressure, but also the osmosis through the thin 
film of liquid between the drops. When the length of interval 
between the drops is 2- -3 mm., as much as five-sixths or six- 
sevenths of the volume change is attributable to osmosis. It is 
therefore possible to- measure molecular weights or the degree of 
association or dissociation by investigating the volume-change of 
drops which are brought in contact with drops of standard solutions 
of known molecular concentration. .1. C. D. 


Valve for Glass Apparatus. Kuet Busge (Chem. Zeii., 1920, 
44 , 299). — The valve consists of a glass tube melted solid in one 
spot. On both sides of this are two small holes, not more than 
10 ram. apart. A piece of coloured glass marks the position of 
the valve. A piece of rubber tubing is slipped over the valve, 
and the latter is operated by gentle pressure by the thumb and 
forefinger on the rubber. The valve may be used on burettes, or 
on pipettes to prevent liquid entering the month. J. R. P. 

ESective Connecting Bulb. C. M, Clark (/. Jnd. Eng. 
Chem., 1920, 12 , 366), —A bulb tube for preventing spray passing 
from a distillation llask into the receiver consist.s of a simple bulb 
on a tube, but the bulb has an internal bafile-plate in the form of 
3- deep, inverted watch-glass; the latter is attached to the end of 
the upper tube (this end extends a short distance into the bulb), 
and the edge of the bafile-plate reaches to within 5 mm. of the 
side of the bulb. W. P. S. 
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Manometer for Vacuiun DistiUation. 

imer Chem Soc., 1920, 42 , 786).— A manometer is desmM, for 
use in vacuum distillation, whicli is designed to prevent liquid pass- 
in. into the exhansted limb and also to prevent break^e if air 
shluld suddenly enter the distillation apparatus. The modification 
consists in the itrodnctioii of a hook-shaped trap halt-way up the 
evacuated limb The trap consists of a very fine capillary tube 
“od at one end and sealed to the walls of the manometer tube. 
This effectually prevents moisture getting into the exhausted space, 
and if the pressure suddenly drops it prevents the mercury ashing 
ill and breaking the top of the manometer tube. J.n.i,. 

A Device for Regulating the Temperature of 
either above or below Room Temperature. John H. 
Nmthuop (J. Gen. Physid., 1920, 2 , 309^31 ). -The water flow 
through the jacket of a double-walled incubator is regu ated by 
ausing a relay to direct a stream of water either through the incn- 
Tator or to wLte as required by the temperature chang^. Thi is 
btoiight about by means of a wire attached to the armature ol the 
relav^and attached at the other end to a glass pipette at the eml 
of a^^ertical rubber tube. The current necessary to move this wire 
and pipette is so .small that it is unnece.s3ary to use a sMondaij 
cirlL The regulator may be either of the merciiry-tolnene or 
bimetallic type. 


Inorganic Chemistry. 


r* ft? TTvilroe’en bv the Reaction between 

Generation oi nyarogen uy Wkavfr 

PerrosUicon and Sodium Hydroxide Solution. E. R. lan er 

(f Ind Eng Chem., 1920, 12 , 232 - 240 ).-The preparation o 
hvdroeen from ferrosilicoii, sodium hydroxide, and water is most 
eLomically effected by dissolving sodium 

a- form a 20—30% solution, mixing a portion of this solutio 


The Constitution of Hydrogen Peroxide. Antonio Biij 
V "L. ioto, 1920, 3 , 347-365) -The v^idite j 

WillsUtter and Hauenstein’s argument against the 

formulae for hydrogen peroxide (A,, p09, i ’ ' {join 

rediiction of benzoj^l peroxide to benzoic acid as disUng 
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benzoic anhydride, is weakened by the fact that water formed in the 
reaction might hydrolyse any anhydride formed. The same result 
has now been obtained, however, by reduction in boiling benzene 
solution with yellow phosphorus, In addition, potassium orthophos- 
phate is the sole product of the reduction of potassium perphos- 
phate by potassium iodide in acetic acid solution, or by ferrous or 
cobalt hydroxides in alkaline solution. It is also shown that sul- 
phuric acid cannot be oxidised to persulphuric acid by permanganic 
acid, plumbic salts, or nickel peroxide. The majority of oxidations 
duo to hydrogen peroxide are really hydroxylatious, but, although 
this is contrary to the asymmetrical formula, the case of potassium 
permanganate shows it does not necessarily lead to the symmetrical 
formula. This formula does not explain the reducing properties 
of hydrogen peroxide, which the author attributes to weakly-bound 
hydrogen atoms. By anodic oxidation of solutions of potassium 
hydroxide containing potassium fluoride, up to 5-35% of hydrogen 
peroxide, calculated on the energy expended, was obtained (com- 
pare Riesenfeld and Reinhold, A., 1909, ii, 879). The action of 
ozone on fuming sulphuric acid (Schmidlin and Massini, A., 1910, 
ii 498) and of perchromic acid on hydrogen peroxide were also 
examined evidence of interaction being obtained in the latter c^e 
fcorapare' Riesenfeld, A., 1909, ii, 51). The author suggests the 
H... 

formula bO for hydrogen peroxide, and proposes that per- 


oxides of the general type RO,R be called anhydr(xbydroperox>de.s, 
lo distinguish them from Baeyer's hydroperoxides, RO,H. As a 
Ust for hydroperoxides which can only be examined in acid solu- 
tion and to which Riesenfeld and Mair’s test cannot therefore be 
Qrnl’-ipd /A 1912 ii 156), hydrogen peroxide itself is suggest^. 

O’f mo/^le of Oxygen ii’ Ub'oratll. hilst the anhydrcperox^des 
merely form an additive product. 


.1* -e ■ •> “7x*-.s 

method of rotating cylindeis. t ^ , ^alue 0'i094 

cT, tiiSl mV-dTr:m"S;irtei:i;pature it 

inu.;; of 0-0709 C'.G.S. units at 150° of 

159°, when the rise becomes more Exposure^to air in 

nature of a strict bo° has I marked effect 

the molten condition, f la.ris a slow one, the, 

on the viscosity from 160^ ...nch as forty-eight hours on 

viscosity continuing to nse for a j^^ximum^tor purified gas- 
exposure to the air for that tims- i, 215 C G.S. units: 

ul sulphur is reached at 200° *hee siibhur after a long 

the maximum for purifi^ but n g ^ 800 

exposure to air, is reached at 19 . ,_„arent but probably 

ch.S. units. Crystallisation has an apparent, 1 
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secoadary, efiect oa the viscosity as measar^ at aay teaiperature. 

It appa^latly raises the viscosity of a low-valued saaiple rf sulphur 
and iLers the viscosity of a high-valued sample. The effect ol 
crvstimsatioa seems to disappear when the virt of the sample 
L aSoO C.O.S. units at 171“. Sulphuric acid ajipears to be the 
mpurity Xch, after exposure to the air, causes the extreme vana- 
troa”which are found ia the values of the viscosity of air-exposed 
lulphr Changes ia the viscosity are aocompaaied by a corre- 
sponding change in the amount of insoluble sulphur ^ 

A New Hydrogen Sulphide ,7 ''527-52^9)'“' 

Steele and Heney George Denham (T., 1920, 117, 52/ 02a). 

Solubility of Gases in Water. Sulphur Dioxide Fekese 
irhfm Zeit 1920 4 4 294).— Detenninations of the solubilit^y of 
Sh- Itor bltweea 0“ and 40“ at 760 ram. have 

been made, and the results are given in grams and “ 
dissolved per litre of water. 0“ the so ubility is 228 29, t 
10° 162-09, at 20° 112-90. at 25° 94-08, at 30° 78 67,^n^ay0 
54-11 grams per litre. 

Catalytic Synthesis of Ammonia. M. Goichaed, Vavoy, 
COENEC Canteageel, Stevenson, Apaeb and Bouemol (ifuf. 
Soc d’Encmr., 1920, 132, 71-102).-Th6 authors have investi- 
gated the catalytic manufacture of ammonia, especially as regards 
the suitability of various catalysts. Addition of magnesia or 
^^^a greaUy increases the life of catalysts, such as iron cobalt 
S tungsten and molybdenum, and a combination of two ol 
Tht metalf ensures greater catalytic efficiency^ wZl 

was proved to be the most resistant and to give the highest 
ammonia concentration-more than 4%. Iron I'i 

than 1% molybdenum less than l-o%, nickel 3 /o, and “obalt 3* 
The best method of preparation is by precipitation of ferric nitrate 
with ammonium molybdate, followed by ignition, and sub^^ 
With uerfectlv gases, uranium is a suitable 

•catalyst, but its combinations with cobalt molybdenum je 

inferior. Uranium-nickel gives poor results, h.nd uraniun 
tungsten is practically inert. The authors have made a paitia 
atudf of the whole cyde of operations, including the “ 

toe 'gases, toe recovery of heat, .^heTnl See 

pressure, and the most suitable arrangemen -W ■ J W 

further, /. Soc. Chem. Ird., 1920, 362 a.] W. J. W. 

Vapour Pressure of Aminonia. C. 

and C S Taylor (/. Amer. CAew. iSoc., 1920, 42, ^ ; 

The vapour pressu e of ammonia has been determineil ove tti 
Ih© vapour pr^u manometric method 

temperature range -to to + (o g 

Several forms of manometer are described “ 
different samples of ammonia were of non-con 

these conUined less than 1 part per 100,000 parts ol no 
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densiug gas and less than 0 ‘ 01 % by weight of other impurities. 
The phenomenon of hysteresis was observed near the boiling point 
of ammonia with a commercial specimen which contained a small 
amount of air; this indicates the absolute necessity of very com- 
plete removal ol dissolved gases for any accurate measurements of 
vapour pressure by the static method. The normal boiling point 
of ammonia was determined by both the static and the dynamic 
method, and the mean of the two results found to be -33‘35°. 
Empirical equations are deduced which represent the vapour 
pressure over the measured range; the results of 122 measurements 
between -78° and + 25° agree with the values calculated by means 
of these equations to within 1 millimetre, and the results of 28 
measurements between +25° and +70°, made with a calibrated 
piston gauge, agree to within 3 millimetres. The vapour pressure 
of ammonia is expressed between -80° and +70° by either of the 
equations logio? - 30*256818 - 1914-9569/0 - 8-d598324log,oe + 
2*39309 X 10-^d + 2*955214 x 10-802 or log^^p ^ 12*465400 - 

1648*6068/0-0*016386460 + 2-403276 X lO-^02_ 1.108708 x 
where p is expressed in millimetres of mercury and 0 in degrees 
absolute (abs. degrees=C° + 273-1). The slope of the vapour 
pressure-temperature curve is obtained l3y differentiation of either 
of the above equations. J- S. 


Preparation of Mixtures of Nitrogen and Hydrogen by 
Decomposition of Ammonia. K. 0. E. Davis and L. B. Olm- 
STEAD (/. Ind. Eng. Chem., 1920, 12, 31G-317).-Th6 catalytic 
decomposition of ammonia by heat in the presence of iron, first 
investigated by Ramsay and Young (T., 1884, 45,^ 88 ), and sub- 
stKiuently by Perman and Atkinson (Eroc. Hoy. ^Sor., 190o, 

110 ) has been studied under manufacturing conditions, an electric- 
allv heated iron autoclave packed with iron turnings being used 
for the purpose. At 370°, .73% of the ammonia was decomposed, 
at 470° 84%^ at 540° 94%, at 650° 99*6%, and at 735° 99^ f%. In 

practice, about 100 cu. ft, per hour of the mixture of hydrogen 
aud nitrogen could bo obtained at 6 <o° with ‘‘ ‘'=^^+'0 3 to 0 4 
of ammonia. The equilibrium of a sys em J-T.-N^NH^ at that 
temperature corresponds with about 0 ' 02 % of ammonia. 1 he aver _ 
age time of contact was about five seconds +pn copper was us d 
as the catalyst, a temperature about 200 highei and lui s 
tact were required, which is in accordance with the facts oteve 
by Beilby aid Henderson (T., 1901, 79, 121o). [See, further. 
J. Soc. Char., hid; 1920, 362.x.] 

The Discoverer of Phosphorus Ueixso 
Soc. Quim. ArgentifKiy 1917, 5, 238— -43). n c j- of 

the discoverer of cobalt is sometimes mis a cn o manner 

phosphorus, or at least *ejr ^ 53 ^) discovered 

(Brandt), The aerman alchemist B and ( 

phosidiorns in the y'f % th, g^^edish chemist Brandt 

of cobalt was made (m 33 01 DoO) w B. S. 

(1694—1798) (compare A,, 1919, ii, oU). 
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Preparation oi Arsenic Trichloride from^ White Arsenic 
and Carbonyl Chloride. L, H. [MiLuoiK, W. A, Baude, and 
H. G. Boyd (J. Ind, Eng. Oftm., 1920, 12, 221 — 223), — When 
carbonyl chloride is passed over a mixture of arsenic trioxide (80%) 
and carbon (20%) heated at 200^ to 260°, arsenic trichloride is 
formed, the yield being almost quantitative. The method has been 
used as a means of utilising the impure “tail gas” from carbonyl 
chloride manufacture. It is probable that the treatment of 
inorganic compounds with carWnyl chloride in the presence of 
carbon as a catalyst may be used as a general method of 
chlorination, W. P. S. 

Reversible ^ Oxidation Arsenious Acid. C, Mationon 
and J, Allain Lecanu {Vom'pi. rend., 1920, 170, 941 — 943).— 
When arsenious oxide is heated with oxygen at temperatures vary- 
ing from 400° to 480° and pressures of 127 — 180 atmos., a certaiu 
amount of oxidation occurs, the extent of oxidation, other things 
being equal, increasing with the temperature. Similarly, a con- 
centrated solution of arsenious oxide in aqueous sodium hydroxide 
at 80° under a pressure of oxygen equal to 50 atmos, is oxidised 
to the extent of 10’9% in five hours. W. G. 

The Disposition of the Atoms and the Optical Rotation 
of Quartz and Sodium Chlorate. J, Bbckenkamp {Zeitsck, 
anorg. Chtm., 1920, 110, 290 — 310). — The structures suggested 
by previous workers for quartz, for example, those of Sohncke and 
Bragg, do not account for optical rotation in directions perpen- 
dicular to the principal axis. In the structure now proposed, the 
silicon atoms form a rhombohedral lattice instead of a three-point 
screw system, as in Bragg’s structure. The spiral structure only 
appears after the introduction of the oxygen atoms, when the total 
structure is seen to be composed of . nine three-sided, prismatic 
lattices. The disposition of the oxygen atoms is such that the 
orientation of the valency directions is the same in horizontal or 
vertical molecular layers, and the optical rotation perpendicular 
to the vertical axis is then accounted for. The different kindr of 
twin crystals of quartz, and the relation of quartz to tridymite, 
j8-quartz, and crystoballite, are discussed. Sodium chlorate has a 
structure similar to that ascribed by Bragg to calcite, the calciiiiii 
atoms being replaced by sodium and the carbon by chlorine, 

E. H. R. 

Luminous Carbon Flames Regarded as Turbid Media. 

Hermann Senftleben and Elisabeth Benedict {Kolloid 
ZeU$ch., 1920, 26, 97- -100). — When an intense beam of light from 
an arc is projected on to a Hefner candle flame, the beam is bout 
from its original path and polarised. The authors have measured 
the amount of deflexion, the polarisation, and the intensity of the 
deflected beam. It is shown that the intensity of the deflected 
light varies strongly with the direction, in the sense that with 
increasing angle beWeen the incident beam and tbe direction ot 
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measmeimeat it mcteases, iot example, a okange m tW iMle hom 
45“ to 140° changes the intensity 300%. The fraction of toe Utot 
wHch. IS poians^ reacliee a very definite maximum when the anal© 
of observation is 90° to the incident light. At this angle, the 
fraction is 86%. The intensity of the deflected beam increases 
with decreasing wave-length ; thus there is an increase in intensity 
of 150% as the wave-length changes from 0700 /jl to 0-475 /r. The 
experiments show that the carbon flame behaves in a manner 
analogous to that of a turbid medium. J. F. S. 


Removal of Carbon Monoxide from Air. Arthur B. Bamb, 
William C. Bray, and J. C. W. Frazer (J. Jnd. Eng, C7im.,192o’ 
12, 213— 221).— Of various absorbents and catalytic oxidising sub- 
stances examined, a mixture of MnOg, 50%; CuO, 30%; CogOg, 
15%; and AggO^ 5%, gave the best results. The silver oxide was 
precipitated in the moist mixture of the other oxides, the mass then 
dried and ground to size. This mixture acts indefinitely at the 
ordinary temperature against any concentration of carbon mon- 
oxide in air, provided that the air is dry. When used in gas-mask 
canisters, the latter must be provided with a calcium chloride dry- 
ing chamber at the inlet, and the “ life of the canister is then 
limited solely by that of the drier. W. P. S. 


Constitution of Carbon Sub-oxide, n. Stanley Redgrove 
News^ 1920, 120, 209 — 210). — By means of a method of 
calculation due to the author, the following theoretical numbers 
are found: for OIC'CICIO, mol. heat of combustion, 243 6 Cal.; 


lob heat of formation, 47 4 Cal; for Q'!f NciO, mol. heat of 

\o/ 


combustion, 286-1 Cal.; mol. heat of formation, 4-8 Cal. A deter- 
mination of the thermochemical data would enable the constitution 
of the compound to be settled. J. R. P- 


Carbonyl Chloride. III. Action of Carbonyl Chloride 
on Industrial Iron Containers. M. Delkpine and L. Villb 

(Bull. Soc. chim., 1920, [iv], 27, 288— 290).— When it contains a 
little free chlorine, carbonyl chloride slowly attacks iron, and the 
resulting ferric chloride colours the carbonyl chloride yellow. The 
oxychloride free from chlorine will di^olve rust or the sub-carbon- 
ate of iron, and it is probably from this source that the ferric 
chloride in commercial carbonyl chloride comes, W. G. 


Phase Diagram of Potassium and Sodium Chlorides 
and their Etched Figures. G. Tammann (Elachr. Ges, Wtss. 
Gottingen, 1919, 422—427; from Chem. Zentr., 1920, i, 604).— 
Potassium and sodium chlorides form a continuous series of mixed 
crystals between 660° and 500°. Since neither salt has a transition 
point, the phenomena observed when the mixed crystals are coo^ 
must be attributed to separation of the components. With dimin- 
ishing temperature, therefore, either the attractive forces within 

VOL. cxviu. ii. 
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the molecules of the respective chlorides must increase, or those 
between the unlike molecules must be greatly weakened. The results 
obtained by etching the individual crystals at the ordinary tempera- 
ture indicate that the iutra-molecular forces of the potassium 
chloride crystal differ from those of the sodium chloride crystal, or, 
more precisely, that certain lattice regions are more closely united 
in the former, whilst such differences are not observed in the latte" 
In the light of these observations, it is surprising that Rontge 
analysis indicates the same lattice for each crysUl. ■ A possib] 
explanation of the etched figures, based on atomic lattice stnictun 
is discussed. H. W. 

Preparation of Sodium Amalgam in Flakes. Arthur I 
Hirschffxder and Merrill C. Hart {J. Ind. Eng. Chem., 192{. 
12, 499). — To obtain sodium amalgam in readily pulverisabie fonj 
the hot liquid amalgam is slowly poured into a vessel in wHid 
xylene or petroleum is mechanically agitated. The reeultini 
floocnlent deposit is dried on porous porcelain in a current of air 

C. A. M. 

The Variations in the Composition of Ammonium Phos 
phomolybdate. S. Posternak (Comp/, rend., 1920, 170,-930~933’ 
—Ammonium phosphomolybdate precipitated from phosphate selu 
tions in the absence of ammonium salts always contains phosphom 
and molybdic oxide in a constant ratio. It consists of a variahli 
mixture of di- and tri-ammonium phosphomolybdates, varying 
according to the composition of the ammonium molybdate solutioi 
used. 

In the presence of 5% or more of ammonium nitrate or sulphati 
the phosphomolybdate precipitate obtained is a complex mixture oi 
the types 16(NH4)3 (Mo 03 )t 7 PO[,NH^(Mo 03)4N03 and 
8 (NH 4 ) 3 (Mo 6 ,)joPO„(NH,) 2 _(Mo 03 ) 8 SO, 
respectively. In all cases the molybdic acid behaves as though, in 
acid medium, it existed in the tetramolybdic state, and in this 
form combined with the hydroxyl groups of all the mineral acids 
present. This supports Kehrmann's view as to the constitution of 
phosphomolybdic acid (compare A., 1887, 777). W. G. 

Formation of the Double Salts of Calcium and Potassium 
Sulphates at 100^. Evald Anderson and R. J. Nestell (/. hi 
Eng. Chem.^ 1920, 12, 243 — 246).— In determining the conditions 
of equilibrium for the formation of syngenite (K5SO4,CaSO4,H|;0j 
and potassium pentacalcium sulphate at 100*^, known weights or 
potassium sulphate and gypsum were shaken seven to twentythree 
days with water in bottles immersed in boiling water, the resulbn? ; 
solutions rapidly filtered, and the potassium and calduin 
and sulphuric anhydride estimated. Experiments were also wads 
with previously prepared syngenite and potassium pentacal«®’ 
sulphate. The mean results showed that for the formation of ^ 
latter salt as in the equation 5(CaS0^,2H5,0) + K0SO4 
KoS04,50aSO4,Hy0 1 9HoO, the equililirium concentration w 



rNORGANIC CHEMISTRY. 


ii. 375 


potassium sulphate was 1-03 moh„ aiul ior the oaloimu suli.lioie 
0-24 mol,, per 1000 mols. of water. For the formation of the 
syiigenite, 

K2S04,5CaS04,H20 + 4 K 2 SO 4 + 41100 ^ 5(KoS04,CaS04,n20), 
the equilibrium coucentratioiis were 9-26 mob. of potassium 
sulphate and 0142 mol. of calcium sulphate per 1000 mols of 
water at 100°. These figures arc. considerably lower than those 
obtained by extrapolation from the results of D’Aiis at 83°. Hence 
the value given by 10 Ans foi potassium sulphate is too hic^h, or 
the equilibrium curve has a maximum between S3° and 100°. 

C. A. M, 

Calcium Arsenates. I. Equilibrium in the System 
Arsenic Oxide, Calcium Oxide, Water at 35° (Acid 
Section). C. M. Smith {J. Amer, Chevi. Soc., 1920, 42, 259—205) 
—The equilibrium conditions between arsenic oxide, calcium oxide, 
and water have been determined at 35° for those mixtures in 
which the arsenic oxide is in excess and from which acid arsenates 
are likely to be produced. The results are recorded in a diagram 
to represent the phase rule relationships. Two compounds are 
found te be stable under the experimental conditions, dicalcinm’ 
orthoarsenate inonohydrate, CaHAsO^jIbO, which is identical with 
the mineral haidingerite, and moiiocalcium orthoarsenate, 
CaH 4 (As 04 ) 2 , which exist below and above, respectively, an acid 
coiice titration corresponding with 27-5% of arsenic oxide. 

J. F. S. 

Atomic Weight of Radio-lead. R. de Montkssus de Balloek 
{liev. geti. Sci. jnire et appL, 1919, 30, G73; from Chcm. Ztnfr., 
1920, i, 558). — The figure 206 has been proposed for this atomic 
weight; a much more probable value is 20()’5±0 05. H. W. 

Micrometallurgy. Hr. Bogdan {Bui. Soc. Chim. Momdnia, 
1919, 1, 60 — 72). — A micTographic study of the alloys of copper 
and silicon and iron and silicon. In all such alloys, when the 
percentage of silicon is very small, the result is a homogeneous 

I tlid solution. If the amount of silicon present exceeds 1%, 
rystalline compounds, embedded in the solid solution of the alloy, 
re always obtained, and are probably silicides. When the silicon 
outeut exceeds 4%, two crystalline silicides can be isolated, and 
Iso silicon in a- crystalline and in an amorphous state. Prolonged 
eating of the alloys at high temperatures facilitates the separ- 
tion of their components. As the proportion of silicon present 
iicreases further, the mass becomes more crystalline, the hardness 
acreasing, the alloy becoming more friable. W. G. 

^ Copper- Aluminium-Zinc Alloys of High Zinc Content. 

H. Schulz and M.* Waehlert {Metali. und Erz, 1919, 16, 
I '0—176, 195— 201).— The thermal, structural, and mechanical 
rioperties of copper-aluminium-zinc alloys containing up to 10% 

13—2 
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of copper and 10% of aluminium were investigated. Five aectioa, 
of the three-dimensional equilibrium diagram are given^ represent- 
ing, respectively, alloys containing 2%, 4%, 6%, S%, and 10% of 
copper with a varying aluminium content. A reproduction of the 
complete space diagram is also given, the principal features of 
which are two broad, curved surfaces intersecting in a eutectic 
line at 375°, running approximately parallel to the copper co- 
ordinate, and a second line, corresponding with 1'9% of copper 
parallel to the aluminium co-ordinate, dividing the diagram into 
two unequal sections. The microscopic structure of the allovj 
confirms the conclusions drawn from their thermal study. Allojs 
containing less than T9% of copper and less than 0*75% of 
aluminium consist of homogeneous ternary mixed crystals. Those 
with more than 1'9% of copper and up to O' 8% of aluminium coui-ist 
of a solid solution of e-crystals of the zino-copper series with 
a-aluminium crystals. The remainder of the alloys fall into five 
groups, according to the thermal equilibrium diagram, but oiilr' 
four of these can be distinguished by their structure. 

The mechanical properties studied were the hardness, teaali 
strength, and crushing strength. No relation could be fouuc 
between the tensile strength and the equilibrium diagram. Tb 
curves of equal hardness and of equal crushing strength, how-ever 
show an inflexion at a point which appears to correspond with 
the limit of solubility of zinc crystals in the alloys. E. H. R, 

Mechanism of the Formation and the Properties oi 
Mercury Hydrosols prepared by Various Methods of 
Dispersion, Ivar Norulund {Kolioid ZeiUch.^ 1920, 26, 
121 — 138). — Methods of preparing mercury sols by various methods 
are described. The methods are subdivided into three groups: 
(i) mechanical dispersion, (ii) thermal dispersion, and (iii) electricai 
dispersion. Mercury sols of small stability are produced when i 
fine stream of mercury is allowed to fall into a solution oi 
potassium citrate (0*5-5 x 10“^iV) or a solution of gelatin (0*1^! i 
with a velocity of 100 metres per second. In the latter case, d 
black coagulum is obtained, which consists of highly dispersed - 
mercury and gelatin, and is readily peptised by warming with a 
trace of alkali to form a grey sol. Shaking mercury with con- 
ductivity water produces a very little of a rapidly sedimenting sol; 
the additiou of potassium chloride, sodium chloride, potassiiiral 
nitrate, potassium sulphate, copper sulphate, mercurous nitrafc 
and acetic acid to the water did not increase the sol formation^ 
The presence of ammonia {1 x 10" in the water produced a ?()■ 
which was not very stable, complete sedimentation oc.currin|_ 
two or three days. Ammonium chloride and sulphate sohuiwi^ 
shaken with mercury produced sols which, in the case of aininoDiiiff 
chloride, were much more stable than in any of the previous 
Shaking with a solution of potassium citrate ^ w 

duced a very concentrated sol, w^hich was coagulated by 
concentrations of citrate. This sol has a strong reddish-hrown^ 
colour, and is very stable. It may be kept for months ^ 
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coagulating. Shaking with solutions of carbamide (0-01%) and 
gelatin (0‘0001~0’0025%) produced a dilute, grey sol The form- 
ation of sols by the ''spirting’' method is held to he due to a 
spontaneous atomising of the rushing mercury stream and to the 
atomising of the larger drops against the walls of the vessel In 
the shaking experiments, the formation of sols is due to the dis- 
integration of thin laminae of mercury ; the bursting of mercury 
bubbles has little effect in sol formation. A deep brown, very con- 
centrated sol was formed bv distilling mercury from a porcelain 
retort through a red-hot silica tube, and thence through a fine jet 
into cold water. The mercury vapour entered the water with a 
velocity of 160 metres per second. The sol is not very stable, and 
in ten to fifteen minutes it had lost its brown colour, and in two 
or three days it had completely and irreversibly coagulated. 
Experiments, of the type often described, by electrical dispersion, 
both with direct, and alternating current arcs, are also described. 
The partition of the radii of the particles has been worked out for 
the more stable of the sols described. J. F. S. 

Compounds of Oxides. (Mlle) S. Veil (CompL rend., 1920, 
170, 939 — 911). — Mixtures of ceric and chromic oxides in different 
molecular proportions ^ye^e compressed and heated bv methods 
similar to those used for allovs. The electrical conductivity at 
high temperatures and the coefficients of magnetisation at the 
ordinary temperature were then determined in each case. The 
curves showing the results indicate the existence of the compounds 
Ce0G,Cn,O3, 3Ce0,2,4Cr.203, Ce02,2Cr,i03, and CeO^>.5CmO.>. and the 
probable existence of the compounds 5Ce0:,.Cr,,03, 7Ce0.„4Cr,0.„ 
and Ce02,9Cr.03. ' ' IV. G. 

The Reaction between Hydrochloric Acid and Potassium 
Permanganate. P. P. Venable and D. H. Jackson (J. Amer. 
Chem. S<yc., 1920, 42, 237 — 239). — It is shown that the reaction 
between potassium permanganate and hydrochloric acid and hvdro- 
bromic acid, respectively, takes place in two stages, which may, by 
regulating the quantity of acid employed, be separated. The 
reaction is represented: fi) 2'KMnO, 81101 = 2X01 ^2MnO;,4- 
4^0 + 301; (ii) MnO., + 4HC1 = MnCl-f 2^0 + 01. It is also 
shown that hydrobromic acid reacts at a concentration 0’00154.\, 
whilst with hydrochloric acid no reaction takes place until the 
iconcentration reaches 0‘002V. P- 

System Hydrated Ferric Oxide- Arsenious Acid. Wilhelm 
Btltz {Kolhid. Zeitsch., 1920. 26, 179— 180).— A criticism of 
Oryng’s paper (A., 1918, ii, 317) on the adsorption compounds ^of 
ferric arsenite. Compare also Piltz and TJtescher (A., 1905, ii, 807). 

J. F. S. 

j Influence of Superimposed Alternating Current on the 
iftjiodic Formation of Ferrates. Or. Grube and F. Gmelin 
\ZeiticK. EhJetrochem., 1920, 26, 153— 161).— An investigation of 
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conditions under which sodium ferrate is formed by anodic.oxida- 
tion in concentrated sodium hydroxide. It is shown ” 

ing temperature and alkali concentration favour large yields. 
Whth increasing current density the yield increases to a 
maxLum, and then falls with any further increase in the current 
Sty. The current yield of sodium ferrate can be considerably 
incrtised by superimpiing an alternating current over the direct 
crrmit The increase in the yield, for constant direct current, 
reaches a maximum for a definite alternating current dens^y. Using 
as electrolyte 40% sodium hydroxide with an iron anode and a 
platiunin Jathode and electrolysing at with a ^^t ™t ^ 
3-33 amps./sq. dcm. and an alternating current of 5 0 amps./nq. 
dcm rincrease of 160% in the yield of sodium ferrate obtained. 
In the preparation of concentrated solutions ot ferrates the anode 
and catLde must be separated, and since ferrate lose oxygen at 
50° and precipitate ferric hydroxide, this temperature must not be, 
cLeeded in the preparation, and the velocity of b 

increased by imposing an alternating current on the direct curienl 
“waJunLoiposed saturated solutions and the crysialtac 

salts may be obtained. 

The Nature of Subsidiary Valencies. XXIV. Salts with 
HiKh Ammonia Content. Fritz Ephraim and Franz Moser 
19“ 53. [«1, 518-,fi63).-Kecently. the addition of am 

Lonia to salts milta'ining a particularly large anion unite to^a 

Tmintf ITth^'L^Sy Mgf content are thereby fomd 

(A 1918 i 389). In the previous communication salts of organic 

are now described. Addition of ammonia proceeds “'f* 

beyond the c^tammine 

1 1 4. /Af lioaf The higher ammines do- not exhibit a . } 

development of heat, ine mgr e f.ATnDerature, but. 

wise degradation to lower ammines niuch the same 

The presence of neutral portions ( ’ j u„ ti,p unequal pahi«? 

maimer to fill the seams of the crysta caused 

of anion and cation, and thus "Tn™ tVe C" of * 

tion of water as “ packing material increases the 
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salt to water, and hence the solubility in water. The most sparingly 
soluble salts are therefore to be expected among such as contain 
most equally matched anion and cation; in general, the cation is 
spatially greater than the anion, the largest of the latter being 
represented by the alkali metals, particularly cjcsium ; with vohunin- 
tms anions (perchlorate, platinichloride, etc.) it is precisely this 
metal which forms the relatively least soluble salts, whilst the" corre- 
sponding salts of other metals only crystallise after enlargement of 
the cation by the addition of neutral substances, Conversely, bulky 
ba^ie radicles are best preci[)itated by acid radicle.s of "compact 
structure (CIO^, PtClg, picric acid), quite a])art from any question 
of basic character. 

The following individual salts are described which, in general, are 
prepared by mixing suitable components in the presence of 
ammonia ; 

Te tranitritodiam minor obalt haympounds, [Co(N 02 ) 4 (NH^).]oM.- - 
Nickel: he:rammine And oefammine. Copper: ( + Th.O), 

olive-green, microscopic prisms, and octamwrnc. Zinc: pefitammine 
and ( ?) hexammine. 

Oxalodiniiritodlamminocohalti-rovipon fidji. — Nickel : nctnmnrinr, 
stable at the ordinary temperature; decammine, formed at -13°, 
and, possibly, dodecammine at still lower temperature. Copper: 
feframmine, red needles, which did not further absorb ammonia at 
-18°. Zinc: (eirammrne, br.rammine, SLX)d orfaminine. Cadmium: 
teframmine , pale red crystals which do- not absorb ammonia. 

Tetrathiocyanatodiamininochrrjmi-rom pov Nickel : teirnm- 
winc, which passes into the vonam minr at the ordinary temperature 
and becomes completely liquefiRd when treated with ammonia at, 
-20°. Copper: (?) teArammine. ^^\d ocfamviine . Cadmium: dre- 
ammine, which becomes partly liquid when treated with excess of 
ammonia at -20°. Zinc: vwnammine, orfammine. 

Compounds^ derived from IT[I(AS;,0|^')] (comy)are Weinland and 
Gruhl, A., 1919, ii, 411). — Zinc: hepfatnmine, which, passes through 
a series of solid solutions to the herammuie (at 70°'). which is con- 
verted to the ietramminr (at 87°) ; the latter is stable up to 200°, 
hut at 210° passes into the diammine. Nickel : one molecule of salt 
combines with thvR following numbers of molecules of ammonia : 
16T at -20°; 14*2 at +18°; 10*3 at 66°; T2 at 77°. 

Attempts to obtain disulphitotetramminocobalti-. heptanitroso- 
sulphonicferri-, and dinitrosothiosulphatoferri-salts of the heavy 
metals were unsuccessful. Salts such as copper metachloroantinmn- 
ate. are decomposed by ammonia into their components, whkh ^en 
separately absorb the gas. . ' 


Reversible Reactions of Water on Tunffsten and its 

Oxides. Georges Chatjdrox (Compf. , 1920, 170, 1056 1"' >■ 

—At 850° the two reversible reactions may be expres^d by 
W + 2 H 2 O r; WO,+ 2H„ + L.,„ and 2WO., + H.O — 
H?+L, 5 o. The value of for the first reaction is 2x4-4 Cal., 
and for the second 4 Cal. 


W. G. 
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Solubility in the Solid State of Tin in Lead. N. Parravano 
and A. Scortecci {Gaziettdy 1920, 50, i, 83 — 92). — In view of the 
discordance between the values given by different investigators for 
the solubility of tin in lead in the solid state (compare Rosenhain 
and Tucker, A., 1908, ii, 1038; Degens, A., 1909, ii, 888; Mazzotto, 
A., 1911 ii, 889; Parravano and Sirovicb, A., 1912, ii, 846; Guert- 
ler, Metallographie, 736, and Zeitsch. anorg, Chem., 1916, 98, 97). 
the authors have measured the electrical conductivities of a series of 
nineteen tin-lead alloys at various temperatures lying between that 
of the air and that of the eutectic alloy. 

The conductivity isotherms are found to consist of two branches, 
that in the neighbourhood of the lead axis indicating the existence 
of solid solutions. The limits of miscibility in the solid state of 
tin in lead, corresponding with the points of intersection of the two 
branches, show that the percentages of tin in the saturated solutions 
at different temperatures are as follows: 14‘5 at 175°; 13’5 at 170°; 
12*5 at 162°; 10 at 150°; 6-5 at 100°; 5-0 at 75°; S’O at 50°; and 
1‘5 at 25°. These 'values differ considerably from those given by 
Rosenhain and Tucker and from those assumed by Guertler, the first 
three of them being in moderately good agreement with Mazzotto’s 
figures. 

The curve along which tin separates from its solid solutions in 
lead at temperatures below the eutectic temperature is very regular, 
and confirms the conclusion that the recalescence observed with the 
solid alloys is due to a simple supersaturation, phenomenon. 

T. H. P. 

Colloidal Rhodium. C. Zexghklis and B. Papaconstantixoc 
(Compt. rend., 1920, 170, 1058--1061).— Colloidal rhodium may 
best be prepared by the following process. The metallic rhodium, 
after suitable purification, is converted into the double chloride, 
NagRh^Clj 2 ^ This is dissolved in water, and to the slightly alkaline 
solution a solution of sodium protalbate is added and then a suitable 
reducing agent. Of the reducing agents tried, formaldehyde at 40° 
in a slightly alkaline solution is the most satisfactory, and under 
these conditions a clear, colloidal solution of rhodium is obtained. 
On purification by dialysis and subsequent evaporation to dryness 
in a vacuum, ebony -black plates are obtained which contain 33% of 
rhodium. 

The colloidal solution of rhodium absorbs hydrogen to the extent 
of 2510—2960 times the volume of rhodium present. Similarly, the 
rhodium absorbs 346 times its volume of carbon monoxide^ at 
12 — 14° and 1820 times its volume at 60°. The colloidal solution, 
slightly alkaline, causes a very slight combination of nitrogen and 
hydrogen to give ammonia, the reaction being considerably enhanc^ 
if the solution is made just acid with very dilute tartaric acid in 
the presence of potassium tartrate. W. G. 
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Mineralogical Chemistry. 


Colouring Matters of Red and Blue Fluorite. Cecil 

Stevenson Gabnett (T., 1920, 117, 620—622). 

Aphthitalite { = Glaserite) from Searles Lake, California. 

W. F. Foshac (Amer, J. Sci., 1920, [iv], 49, 367—368). — Colour- 
less tabular, rhomb ohedral crystals were found embedded in pow- 
dery borax in a well boring at this locality. Material collected for 
analysis showed under the microscope some admixed halite. The 
following figures correspond with K 2 SO 4 , 72'37j Na^SO^, 18*38; 
NaCl, 7*87%, or K 2 S 04 :Na 2 S 04 about 4:1. 

K. Na. SO4. Cl HjO, Total. 

32-46 9-01 53-71 4-76 0-10 100-04 

L, J. S. 


Analytical Chemistry. 


Substitutes for Platinum Wire for Flame and Bead Tests. 

C C Kiplingeb (/. Ind. Eng. Chem., 1920, 12, 500).— Borax 
beads may be made by heating the " lead " from a blacklead pencil 
to redness, dipping it into borax, and again placing it m the Ham e, 
go that a drop of the melted substance is suspended from the end. 
In using a roll of filter paper instead of platinum wire for flame 
tests (Ehringhaus, this vol., ii, 263), a flanie of longer ^ 

tiroduced, by introducing the rolled slip into a glai« tube, wit 
constricted opening, containing the solution or the 
teued with hydrochlonc acid. About 3 cm, of the paper .s aUowd 
to project, and the tube is inclined so as to feed the thus 

formed. 

riiv- *• AciA as. a Reaarent. Nizabio Alvarez {Bol. 
Thioacetic I 8 i_l 91 )..-Finely powdered 

jmnero soc nac.mvn. Chile, 19iy, *54, loi .J ^ 

at Oio. Redistillation o the liquid J", by adding 

arsenic and antimony. The ainmoni m bhioaeetio add. By 

a slight excess solution of ammonium thio- 

diluting this solution to 30 c.c. a - at 80 90°) has 

acetate is obtained, which, used m ^ btd „gei, 

advantages (control of quantity, temperature, etc.) over 
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sulphide for the precipitation of the bases of group II as sulphides ; 
the filtrate, which contains ammonium chloride, is rendered avail- 
able for the next group by boiling to remove hydrogen sulphide. 
The solution of ammonium thioacetate is not stable, and should be 
prepared when required for immediate use. 

Chemical Absthacts. 

Device for Preventing Over-titration. K. Orthnbr (Chem, 
Zeit., 1920, 44, 282 — 283). — A tube of about 5 mm. internal dia- 
meter, open at the top and constricted to a moderately fine jet at 
the lower end, is suspended vertically in the beaker containing the 
solution to be titrat^; a short bent side-arm near the top of the 
tube is hooked over the edge of the beaker to- keep the tube in 
position. The portion of the solution contained in this tube is not 
acted on by the reagent during the titration; the main portion of 
the solution is titrated until a very slight excess of reagent has been 
added ; the tube is then raised so that its contents mix with the 
main portion of the solution, and the titration is completed. 

W. P. S. 

Colorimetric Determination of Titration Curves. Louis J. 
G-illespie (J. Amer. Chem, Soc., 1920, 42, 742 — 748). — A simple 
method is described for obtaining titration curv^ colorimetrically. 
The hydrogen ion exponents are determined without the use of 
buffer mixtures. Instead of a buffer mixture containing the indi- 
cator, a colour standard is used, consisting of a pair of test-tubes 
containing together 10 drops of indicator solution of suitable 
strength, the drop ratio in the two tubes being varied from 1 :9 to 
9:1. One tube of the pair contains dilute alkali and the other 
contains dilute acid. Reference to a table gives the hydrogen ion 
exponent corresponding with the drop ratio, or the exponent can 
bo calculated from the relation = + (drop ratio), where the 
drop ratio is the ratio of the number of drops of the indicator solu- 
tion in the alkali tube to that in the acid tube, and is a constant 
depending on the indicator. It has the following values for the 
indicators named: tetrabromophenolsulphonephthalein, 41; 
methyl-red, 5‘0; dibromo-o cresolsulphonephthalein, 6‘3; dibromo- 
thymolsulphonephthalein, 71; phenolsulphonephthalein, 71; 
o-cresolsulphonephthalein, 81; and thymolsulphonephthalein, 8‘8. 

J. P. S. 

Potassium Hydrogen Phthalate as a Standard in 
Volumetric Analysis. W. S, Hendrtxson (/. Amer. Chem. Soc., 
1920, 42, 724—727. Compare A., 1915, ii, 797),— Potassium 
hydrogen phthalate is shown to be an excellent standard for volu- 
metric work. It is best prepared from phthalic anhydride and 
potassium carbonate, and is obtained absolutely pure by three 
crystallisations. It contains no water of crystallisation, and is not 
hygroscopic, so that weighings may be made in open vessels. Its 
solubility has been determined in water, and the following values 
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obtained: 25*^, 10*23%; 35'^, 12'67%; and at tlie boiling point of 
the saturated solution, 36*12%. j. jp, 

Automatic Methods oi Gas Analysis depending on 
Thermal Conductivity. K H. Weaver, J:'. E. Ealmeh, H. W. 
Frantz, P. G. Ledig, and fcs. F, Pickering {J, Ind, Eng. Chem.^ 
1920, 12, 359— 366).— An apparatus is described for the continu- 
ous analysis of gas mixtures by an electrical method depending on 
the thermal conductivity of the gas as compared with that of a 
standard gas or mixture. The apparatus is given in detail, and it 
may be adapted to record results automatically. W. P. S. 

New Forms oi Combustion Apparatus for Use in Gas 
Analysis. E. R. Weaver and F. G. Ledig (/. Ind. Eng. Chtm., 
1920, 12, 368 — 370). — A combustion pipette, of about 150 c.o. 
capacity, is provided with tw^o short side-tubes, the outer ends of 
which are fitted with glass caps. These caps are cemented on and 
have short platinum leads passing through them, the inner ends 
of the leads connecting with a platinum spiral extending across the 
pipette from one side-tube to the other. A combustion capillary is 
also described ; the igniting spiral of platinum wire extends verti- 
cally down a portion of the capillary between two short side-arms 
atted with caps carrying the leads. This portion of the capillary is 
surrounded by a small water-jacket. W. P. iS. 

Estimation of Chlorine with the Nephelometer. Arthur 
B. Lamb, Paul W. Carleton, and W. B. Meldrum (J. Amer. 
Chem. Soc., 1920, 42, 251 — 259).— The conditions to be observed in 
estimating traces of chlorine in alcohol and acetic acid solutions, by 
means of the nephelometer, have been investigated. It is shown 
that in a 50% alcohol water solution, heating silver chloride sus- 
pensions of widely difiering concentrations at 40° for thirty 
minutes after precipitation produces a more intense and constant 
opalescence than can bo attained at ordinary temperatures; further 
heating for thirty minutes at 40°, or keeping at the ordinary tem- 
perature for an hour, produces no perceptible change in this 
opalescence. Using this treatment, chlorides in such solutions may 
be estimated with an average deviation of 3 — 4% over concentra- 
tions ranging between 4 and 300 x 10“'^ A. Opalescence in such 
solutions decays more rapidly in diffuse daylight than in the dark. 
The opalescence of the same quantity of silver chloride in water la 
about 15% greater than in 50% alcohol or in 50% acetic 

J. F. S. 

Carbonyl Chloride. I. Detection and Estimation oi 
Free Chlorine in Carbonyl Chloride. JUrcel DFxiPisE [Bull. 
Soc. chim., 1920, fivl, 27, 283— 286).— For the detection and esti- 
mation of free chlorine in carbonyl chloride by means of potassium 
iodide solution the concentration of the latter must not exc 
0*1%. After leading a known weight of the vapour of the carbonyl 
chloride into the potassium iodide solution, the free lo me 

13*— 2 
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titrated by means of standard tbiosulpbate. If tlie ooncentration 
of the potassium iodide solution exceeds 0*1% there is a risk of inter- 
action between the iodide and the oxychloride with consequent 
liberation of iodine. W. G. 

Carbonyl Chloride. II. Destruction oS Carbonyl Chloride 
by Water ; Estimation of Escaped Gases. M. Delbpise^ 
R. Doueis, and L. Ville {Bull. Soc. chim.^ 1920; [iv], 27; 
286 — 288). — Carbonyl chloride is only slowly decomposed by mois- 
ture in the air, but is rapidly decomposed by water, although in the 
latter case the presence of hydrochloric add considerably retard^ 
the decomposition. For the estimation of traces of carbonyl 
chloride in the air, a known volume of the air is bubbled through 
10 c.c. of a solution containing 1 c.c. of A" -sodium hydroxide and 
5 C.C. of 95% alcohol, the volume being made up with water. The 
liquid is then evaporated to 2 c.c. on a water -bath, 2 drops of acetic 
acid are added, and the whole is evaporated to dryness; the residue 
is taken up with 2 c.c. of water, again evaporated to dryness, and 
once more taken up with 2 c.c. of water and the chloride present 
titrated with .V/40-siIver nitrate. By this means it is possible to 
estimate the chlorine to 0‘00005 gram. W. G. 

Carbonyl Chloride. V. Estimation of Hydrogen Chloride 
in Carbonyl Chloride. jVI. Dele pine, M, Mon not, H. Duval, 
and J. Lafore {Bull. Soc. chim., 1920, [iv], 27, 292 — 295). — Five 
grams of finely powdered dry mercury cyanide are placed in a 
perfectly dry fiask fitted with a ground-in stopper carrying two 
tubes. The carbonyl chloride is introduced into the flask in a sealed 
bulb, and the flask is exhausted. The bulb is then broken, and 
after tw^elve to fourteen hours the hydrogen cyanide formed by tie 
action of any hydrogen chloride in the carbonyl chloride on the 
mercury cyanide is aspirated off and collected in 50 c.c. of 
2.Y-scKlium hydroxide, and is then estimated by Deniges^s method. 

W. G. 

Some Factors influencing the Estimation o£ Chlorides 
in Soil. C. T. Hirst and J. E. Greaves (Soil Sci., 1920, 9, 
41 — 51). — For the estimation of chloiides in soil the Volhard 
method gives more concordant and, as judged by the gravimetric 
method, more nearly exact results than the Mohr method. The 
following is the most satisfactory procedure to adopt. One hundred 
grams of finely powdered soil are shaken for five minutes with 500 c.c. 
of water and the solution is clarified either by the addition of 
2 grams of alum or by filtration through a Pasteur-Chamberlanl 
filter. Twenty c.c. portions of the clear filtrate are transferred U- 
stoppered bottles, and an excess of iY/lO-silver nitrate is addeci. 
followed by 10 c.c. of 95% alcohol. The mixture is shaken until the 
silver chloride is coagulated, after which 2 c.c. of a 4% ferric sul- 
phate solution and 5 c.c. of dilute nitric acid are added, and the 
excess of silver nitrate is titrated with Y^/lO-atnmonium thiocyanate 

W.G. 
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Estixxiatio& of lodido and Bromide in Mineral Watere 
and Brines. W. F. Baughman and \V. \V. 8 k inner U, Jnd 
Eng. Chern., 1920, 12, 358).— Iodides are estimated by the perman- 
ganate method (A., 1919, u, 349). Another portion of the sample 
is distilled with feme siilpliate to remove iodine, the distillation 
then treated with a slight excess of ammonia, boiled, filtered the 
filtrate evaporated to dryness, and the bromine estimated in this 
residue by the chromic acid method (this vol., ii, 48). ’W. p. s. 

Detection of Sulphuric Ions Masked in Complex Com- 
pounds. P. Job and G. Ukbaix (Compl. rend.. 1920, 170, 
843— 845).— The ion masked in’ complex cobalt conipounds 

may be estimated by difference. The total 80^'' is estimated in the 
ordinary way as barium sulphate, and the free 80/^ is estimated by 
precipitation in the cold as benzidine sulphate. The difference 
between the two results gives the percentage of masked SO 4 '' ions in 
the complex. \V, G. 

Difierentiation of Masked and Apparent Sulphuric 
Radicles in Complex Salts. Andiib Kling aud Daniel 
Florentin { Co }} ipt . rend ., 1920, 170, 993—995, Compare A., 
1914, ii, 661).— A claim for priority over Job and Urbain (compare 
preceding abstract) for the use of benzidine hydroGdoride in tlie 
estimation of free sulphate ions in complex cobalt salts. W. ( 1 . 

Solubility of Benzidine Sulphate in Water. D. S. Bi.sson 
and A. W. Christie {J. hid . Emj. Chem .., 1920, 12, 485— 486).- - 
The solubility of benzidine sulphate in water at various tempera-, 
tu-es was determined by evaporating a measured quantity of the 
solution, and also by titration with potassium permanganate solu 
tion in the presence of sulphuric acid. The solubility increased 
from 0’049 gram per litre at 0'^ to 0*290 (and 0’2o2) at 80°. The 
solution obtained at 80° was discoloured, even after twenty-four 
hours in a thermostat. This was probably due to partial oxidation 
of the benzidine, and accounts for the discrepancy between Ihe 
results obtained by the two methods. The residue obtained at 50° 
(0'141 and 0'149 gram per litre) was only slightly discoloured, and 
probably gives the approximate solubility at that temperature. The 
results show that the smallest possible amount of cold water should 
be used for washing benzidine sulphate in the quantitative estima- 
tion of sulphate. Cl. A. l\f. 

Simplified Evaluation of Hyposulphite (Blankite ; Redo). 

G. Bruhns ( Zeifsch . angew . Chem ., 1920, 33, 92). — The usual 
method of estimating hyposulphite by titrating a solution of the 
salt with pota.ssium ferricyanide is subject to error on account of 
the rapidity wdth which the salt is oxidised in solution by atmo- 
spheric oxygeiK The analysis can be carried out quickly and accii- 
rately in the following manner. In a porcelain dish are placed 
20 c.c. of a standard potassium ferricyanide solution with a trace of 
ferrous sulphate sufficient to form a blue colloidal solution but not 
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a precipitate. A slight excess of the hyposulphite is weighed out 
in a scoop, and the salt is carefully dusted into the solution, with 
careful stirring, until the end-point, indicated hy a change in colour 
from blue to bright reddish-yellow, is reached. The scoop is then 
weighed again to determine the weight of hyposnlphite used. The 
accuracy of the method depends solely on the skill of the manipu^ 
lator in dusting the powder into the solution. Th^e is a small 
constant error due to the oxygen dissolved in the ferricyanide 
solution, but this is probably under 0’5°/o. E. H. K. 

Boric Acid Modification of the Kjeldahl Method for 
Crop and Soil Analysis. F. M. Scales and A. P. Harrisox 
(/. Ind, fjng. 1920, 12, 350 — 352). — The use of 4% boric 

acid solution as proposed hy Winkler (A., 1913, ii, 527) for absorb- 
ing the ammonia in the distillation part of the Kjeldahl method is 
trustworthy. Bromophenol-blue is a suitable indicator for the subse- 
quent titration. W. P. S. 

Method for Estimating Nitrogen m Sodium Nitrate by 
the Modified Devarda Method and the Use of the 
Davisson Scrubber Bulb. C. A. Butt (/. Ind, 'Eng. Ohm.. 
1920, 12, 352, 354).— The reduction process described by E. R, 
Allen (A., 1915, ii. 575) is recommended, the scrubber bulb designed 
by Davisson (A., 1919, ii, 296) being used to prevent alkali spray 
passing into the receiver. W. P. S, 

Estimation of Nitroe^en in Calcium Nitrate. E. Plato:: 
(Chim.. ei Jnd., 1920, 3, 310 — 312). — As manufacturecl in the 
Pyrenees by neutralising synthetic nitrio acid with liine?tone. 
calcium nitrate contains on the average 76T5% of calcium nitrate 
and 21 ’45% of water, with small amounts (OT— 0*55%) of other salts 
of calcium, magnesium, iron, and aluminium. As the material is 
hygroscopic a fairly large sample (10 to 25 grams) should be dis- 
solved, and portions of the solution taken. The most trustworthy 
method of estimating the nitrogen is to reduce it in alkaline solu- 
tion by means of Devarda's allov, and to distil the ammonia. ISw 
also J. Hoc. CUm. Ind., 1920, 40U.] C. A. M, 

Estimation of Ammonia in Cultures in Presence of Urea. 

Pierre Thomas {Bull. Hoc. c'him>. hiol.. 1919, 1, 171 — 175). — ^To 50 
or 100 c,c. of the liquid are added several drops of pure hydro- 
chloric acid and 10% solution of lead acetate until no further pre 
cipitation occurs. A little finely powdered lead carbonate is then 
added, and the whole left for fifteen or eighteen hours. After 
filtration and washing with cold water, all the ammonia will be 
found in the filtrate, and the interference of phosphates will be 
prevented by the preliminary precipitation. The filtrate is intro 
duced into a special form of apparatus, which is illustrated, ana 
5 grams of magnesium carbonate added. Ammonia is driven off by 
vacuum distillation below 40^, and is estimated by absorption m 
standard acid. 
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Carbonyl Chloride. IV. Estimation of Carbonyl 
Chloride in Titanium Chloride, M. Deleft ve and J. La fore 
{Bull Soc. ckim., 1920, [iv], 27, 290— 292L-The method is based 
on the measurement of the carbon dioxide liberated when the car- 
bonyl chloride is decomposed by water. A special apparatus is 
described, desigrned to overcome the difficulty due to the formation 
of plugs of oxide or oxychloride of titanium at the end of the inlet 
tube for the sample of titanium chloride. The carbon dioxide is 
aspirated off, collected in barium hydroxide, and estimated 
volumetrically. W. G. 


Hydrolytic Decomposition of Alkali Aluminates and 
Methods of Determining the Concentration of Hydroxyl 
Ions in Concentrated Solutions of Alkali Hydroxides, 

Robert Eeicke (Zeitsch, Eleltrochem., 1920, 26, 129— 151V— 
After a long account of the literature of the hydrolysis of alkali 
aluminates an account is given of an investigation of the so-called 
“ crystalline ” alumina obtained from solutions of the alkali 
aluminates and of tbe solutions in equilibrium with the precipitated 
alumina. Two methods are described whereby, from potential 
measurements of elements of the type Hg | Hg.^CU i! sat. KCl !! alka- 
line solutionlPtH, an approximate measure of the hvdroxyl.ion 
concentration of highlv concentrated solutions of alkali hvdroxide 
may be obtained. By this means it is shown that considerable differ- 
ence occurs between the hydroxyl-ion concentration of sodium and 
potassium hvdroxides in concentrated solutions. By means of titra^ 
tion experiments it is shown that the hydrolvsis of alkali alumin- 
ates is a time reaction. The so-called crystalline alumina is not 
crystalline and possesses properties which varv with the age of the 
preparation. The ageing of alumina is proportional to the hydroxyl- 
ion concentration of the alkali solution in equilibrium with it. 
Measurements on the viscosity of solutions of alkali aluminates indi- 
cate that the sodium hydroxide molecule (or the sodium 
probably more strongly hvdrated than the potassium hydroxide 
molecule (or the potassium ionV Freezing-point measurements and 
potential measurements show that aged solutions of alnmmates 
contain coiusiderable quantities of colloidal alumina. 

Potassium Chlorate as a Standardising 
Solutions of Alkali. H. B, Vas Valkp-nburgh 
.<! oc., 1920, 42, T.IT-Teov-Potassinm chlorate may 
standard in titrating alkali by the following method^ “ an 

is driea at 240’ for four to six hours, the “ 

Erlenmever flask, sulphur dioxide passed ^ aP 

and the boiling continued for a added and the 

excess of sulphur dioxide. TV ; The caMation of 

solution titrated either hot or cold wi a ^ • t01O, + 3SO.,+ 

the strength of the alkali is b^-V^Vf til ln“ by h s merfod 
3H,0 = 3H,SO, + KCl. The results of ty^^“\^^Vandard acid, 
agree with those obtained by titrating t e J. F. S- 
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Estimation of Potassium as Perchlorate. II. Gregory P. 
Baxter and Matsusuke Kobayashi (J. Amer. Chem. Soc., 1920, 
42, 735 — 742. Compare A., 1917, ii, 270). — The method of 
estimating potassium by the perchlorate method has, as a result 
of the .publication of Gooch and Blake (A,, 1918, ii, 20), been 
further investigated. The authors maintain the efficiency of the 
method previously published, with the modification that the initial 
extraction of the sodium perchlorate should be carried out with 
alcohol containing perchloric acid, but not potassium perchlorate, 
instead of with a saturated solution of the latter salt. When the 
quantity of sodium is small, the use of a saturated solution of 
potassium perchlorate for the initial washing is safe, but when 
the quantity of sodium is large, the potassium salt is best washed 
oiioe or twice with alcohol containing perchloric acid before the 
use of the saturated solution of the precipitate is commenced. 
The chief points to be observed in tbe estimation are; (i) the use 
of absolute alcohol ; (ii) a low temperature (0° if possible) ; 
(iii) filtration in a platinum- sponge crucible; (iv) at least one 
solution of the precipitate in water and re^evap oration to dryness 
in the course of the washing; (v) the use of alcohol containing 
perchloric acid and saturated with potassium perchlorate at the 
temperature of washing, for washing the precipitate after the 
sodium salt has been removed by washing with alcohol containing 
perchloric acid. Using this method, the error is never more than 
a few tenths of a milligram. J. F. S. 

Iodic Acid a Micro chemical Reagent for Soluble and In- 
soluble Compounds of Calcium, Strontium, or Barium. 

G. Deniges {Oompt. re.nd., 1920, 170, 996 — -998). — Iodic acid, in 
10% aqueous solution, gives almost immediately finely crystalline, 
characteristic precipitates of calcium, strontium, or barium iodate 
with salts of these, metals. This serves as a basis for the micro- 
chemical detection of these metals. An insoluble salt is finely 
powdered and suspended in a drop of water on a microscope slide, 
and a drop of the iodic acid solution is added, the formation of 
the crystalline precipitate being observed under the microscope. 
A soluble salt is dissolved in water, one drop of the solution being 
used. If barium is present as the sulphate, this salt is best 
reduced by heating it on a platinum wire in a reducing flame, the 
test being applied to the resulting sulphide. Calcium iodate or 
periodate should be first ignited to the iodide before applying 
the test. W. G. 

The Spectrographic Detection of Metals and Specially 
of Zinc in the Animal Organism. A. de Gramont (Compt. rend., 
1920, 170, 1037 — 1039).— Using the method of spectral analysis 
previously employed for the detection of titanium (compare A., 
1918, ii, 49), zinc may readily be detected in the ash from cobra 
venom by its rays A = 4811 and 4722 and the ultra-violet ray 
X = 3345. The metlmd is also suitable for the detection of traces 
of iron. W. G. 
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Rapid Estinaation of Copper in Copper- Aluminium 

Alloys. PiEKRK Hulot (Jm. Chim, anal., ii], 2, 103).— 

A portion of the finely divided alloy is treated with ])otassimn 
hydroxide solution, which dissolves the ahiniiiuiHu. The insoluble 
residue of copper is then collected, washed, and weigheil, or dis- 
solved in nitric acid, converted into sulphate, and estimated 
electrolytically. W. P. S. 

Detection of Manganese and Zinc in the Presence of 
Phosphates or Oxalates. E. Schmidt (Ber. deut. Bharm, (rcs., 
1920, 30 , 217 — 218). Manganese and zinc are precipitated 
together by means of ammonium sulphide, and are then separated 
by a method based on the different soluhilitics of their respective 
hydroxides, Mn(OH )2 and Zn(OH) 2 , in a solution of ammonia 
and ammonium chloride. Wester’s statement (this vob. ii, 334) 
that in the presence of phosphoric or oxalic acid the metals are 
precipitated as phosphates or oxalates is incorrect, since the pre- 
cipitates consist of sulphides even under these conditions. This is 
shown by the fact that on treating a solution of manganese sulphate 
containing ammonium chloride with aiiimoniacal ammonium 
sodium phosphate solution in excess, and then saturating the liquid 
with hydrogen sulphide, the precipitated manganese phosphate is 
converted into manganese sulphide. An addition of ammonium 
sulphide does not effect this conversion under these conditions. 

C. A. M. 

Estimation of Iron in Iron Ores by means of Per 
manganate. R. Schwarz {Chem. Znt., 1920, 44 , 310- 311). — 
In replv to the criticisms of Brandt (this vob. ii, 269) on the 
method "of Schwarz and Rolfcs (A,. 1919, ii, 170b experiments are 
described which show that colloidal silicic acid solutions have no 
disturbincf influence mi the results of the titration of iron in 
sulphuric'' acid solution. On the contrary, the sol in association 
with the manganous salt has a favourable iiiQuence on the titra^ 
lion of iron in hydrochloric acid solution. There is no evidence of 
the alleged formation of an intermediate persilicic acd. 

C. A. M- 


Method for the Analysis of an Iron Ore. bTi' 

and Wii.i.AHD L. Hl-lt (./. Ind. En,,. ( hem 19y. 12, 269--I3V 
—The ore is dissolved in hvdrochlono acid, the einc salts ar 
reduced, and the solution is diluted and treated mth an excess of 
standardised potassiuni dichromate solution, pve « 

ammonium fluoride and o grams of potassium lo , j 

added, and the iodine liberated hy the excess of tofide 

titrated with thiosulphate solution The .mnmunm fluond^ 
prevents the action of the ferric salts on bVff .nth !tannoTs 
liminary reduction of the feme salts may chloride beint' 

chloride solution (avoiding an excess), me , , ■ 

added afterwards, but the use of the Jones reductor^is ^recom 

mended. 
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Use of Cupferron in Quantitative jAnalysis. G. E. E. 

Lundell and H, B, Knowles {J. iTid, Eng. Chem., 1920, 12, 
344 — 350). — Cupferron (tEe ammonium salt of nitrosoplienyi- 
hydroxylamine) has been used for the separation of iron from 
manganese, and iron and titanium from aluminium and manganese; 
its use has also been found trustworthy for the estimation of iron, 
copper, titanium, zirconium, thorium, and vanadium. In most 
cases, however, the “cupferron'’ method does not offer any 
advantages over ordinary established methods. The following sub- 
stances interfere with the separations; silver, mercury, tin, lead, 
bismuth, cerium, tungsten, uranium, silica, and excessive amounts 
of phosphorus, alkalis, and alkaline earths. W. P. S. 

Influence of Atmospheric Oxygen on the lodometric 
Estimation of Chromium. Ono Mkindl {Zeitsch. anal. 
Ghem., 1919, 58, 529 — 548). — The iodometric estimation of 
chromium is afiected by atmospheric oxygen, since the latter enters 
into the reaction between the chromic acid and hydriodic acid. 
The results obtained are too high, the error increasing with the 
time of contact. * W. P. S. 

A Test for Molybdenite. F. C. Fuohs {Informacio7ies y mem. 
SQC. ing. Peru, 1918, 20, 423). — The mineral to be tested is dis- 
solved in fused potassium hydroxide. If molybdenum sulphide is 
present, it dissolves with an intense red colour. If the fused mass 
is cooled and dissolves! in water, the colour changes to blue, green, 
yellow, etc., corresponding with the various states of combination 
of molybdenum. The reaction is explicable on the theory that 
molybdenum sulphide gives up one, of its sulphur atoms to the 
fused potassium hydroxide, forming a red, double sulphide. 

Chemical Abstracts. 

Estimation of Tungsten. Ii. F. Heath {Ckem. Trade J., 
1920, 66, 629). — The sample is fused with sodium peroxide, and 
the filtered extract of the mass treated with 6 — 7 c.c. of a solution 
prepared by dissolving 10' 3 grams of stannous and 2'1 grams of 
stannic chlorides in 100 c.c. of dilute acetic and 40 c.c. of syrupy 
phosphoric acids. Three to four c.c, of sulphuric acid are 
added, and, after allowing the blue colour bo develop for several 
minutes, it is compared with that produced by the reagent in 
solutions of known tungsten content. [See also J. Eoc. Ohem. 
Ind., 1920, June.] A. U. P. 

Analysis of Tungsten. Joseph Erlich {Ann. Chim. anal, 
1920, [ii], 2, 102 — 103).— The tungsten is heated with hydro- 
chloric acid and ferric chloride, and the insoluble portion is 
collected, washed with ammonium nitrate solution, ignited, and 
weighed. The ignited residue is then fused with sodium hydrogen 
sulphate, dissolved in ammonia, and the solution treated with 
ammonium carbonate; the tungstic oxide remains in solution, and 
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the impurities, which are precipitated, are collected, ignited, 
weighed, and their weight deducted from the weight first obtained. 
The difference between the two weights gives the quantity of 
tungstic oxide present. Two fusions with sodium hydrogen 
sulphate may be necessary in order to separate all the impurities. 

W. P. S. 

Estimation ofJTungstic Acid in Tungsten Concentrates. 

Mrcules Corti {Anal. Soc. Quhn. Arfjentwa, 1917, 5, 308 — 326). 
— A detailed description is given of the estimation of tungstic acid 
in wolfram or scheelite concentrates by decomposing the finely 
powdered ore with hydrochloric acid, evaporating to dryness to 
render silica insoluble, dissolving the tungstic acid in the washed 
residue with ammonia, evaporating the filtrate, and igniting the 
residual WOo. [See J. »S^oc. Chem. Ind.^ 1920, June.] 

\V, R. S. 


The Salts of Nitrosophenylhydroxylamine (Cupferron) ; 
Uranous Salt. V. Auger (Compt. rend., 1920, 170, 99o— 996). — 
In neutral solution, colpferron gives precipitates with all the 
metallic salts except those of the alkali metals, the precipitates 
obtained being divisible into simple salts, insoluble in chloroform 
and decomposed by dilute acids, and complex salts, soluble in 
chlorofonn and more or less resistant to concentrated acids. 

XJranyl salts do not give precipitates with cupferron, but if they 
are first reduced by zinc to uranous salt, then the whole of the 
uranium is precipitated in acid solution by cupferron. The 
uranous salt obtained is soluble in chloroform, from which, it 
crystallises in brown prisms, Thus, by this 

means, vanadium and uranium may be separated by successive 
precipitation. 


The Estimation of Uranium. R. Schwarz {Helv. CMm. 
Acta, 1920, 3, 330— 346).— Of the various precipitanU recom- 
mended for uranium, mercuric oxide is untrustworthy, hydrogen 
peroxide is quite unsatisfactory, ethylcnediamine has no 
advantages over ammonia, and hydrofluoric and oxalic acids are 
inconvenient. The simplest and most trustworthy agents are 
ammonium sulphide and ammonia. Precipitation with the former 
is best carried out at 80^ in presence of ammonium chloride; some 
ammonium uranate is always formed, and. further, complete separ- 
ation from the alkali metals is only attained by repeating the 
precipitation. Precipitation with ammonia should be 
at 100° in presence of ammonium chloride, and preferably o 
glass vessels, owing to the tendency of ammonium urana e o c 
silica with it. Ignition of the Precipitate from either process^ 
uraiiosouranic oxide (Zimmermann, A., 1886, ) nerraits 

out in porcelain crucibles with access of air, since P * its 

diffusion of gases from the flame, and consequent 
reduction by means of hydrogen to uranous oxi e s q 
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tative (Kern, A., 1902, ii, 51), owing to the formation of nitride. 
The separation of uranium from the alkali metals in the form of 
uranyl phosphate (Kern) was found to be almost impossible owing 
tn the fineness of the precipitate obtained. Of volumetric pro- 
oesses, that involving the solution of uranosouranic oxide in 
sulphuric acid (Boiler, Bm.y Zurich, 1915) was simplified and gave 
good results; this was not the case, however, if complete reduction 
to uraiio-salts were first attempted (compare Pnlinann, A., 1903, 
ii, 761). The estimation of uranium in presence of aluminium 
is most conveniently performed titrimetrically. The precipitation 
of aluminium by means of ammonium carbonate in presence of 
ammonium salts is incomplete, and some uranium is also carried 
down; a complicated procedure, which, however, gives good results, 
is necessary to effect complete separation. Contrary to Kern’s 
view, Pisani’s process (1861) for the separation of iron from 
uranium by ammonium carbonate and ammonium sulphide is 
quite effective. Ditte's process (this Journ,, 1877, ii, 926) for the 
separation from chromium salts is unsatisfactory (compare 
Formanek, A., 1890, 852), and they must first be oxidised to 
chromate, most suitably by alkaline^ hypobromite, although 
Jannasch’s ammonium persulphate method gives exact results. 
Sodium iiranate, when precipitated in presence of chromate (Gibbs, 
this Journ., 1874, 93), always contains uranyl alkali chromates, 
and the precipitation mnst therefore be repeated; it is also 
advisable to redissolve the uranosouranic oxide finally obtained in 
nitric acid to separate it from silica. 

A redetermination of the dissociation tension of uranosouranic 
oxide gave results differing from those of Colani (A., 1907, ii. 878), 
and, taken in conjunction with the heat of formation of uranoso- 
uranic oxide from uranous oxide (Mixter, A., 1912, ii, 899), indicate 
the existence of an intermediate oxide. Further, by igniting the 
higher oxide in a stream of carbon dioxide in an electric furnace at 
1122*^, a black residue was obtained corresponding approximately 
in composition with the formula TJ,^0-; traces of nitride were pro- 
duced when nitrogen was employed. The contrary results of 
Zimmermann (?oc. cit,) were vitiated by his use of a platinum 
crucible over a gas ffame, which permitted reduction. For the 
same reason, the ignition of chromic oxide is best carried out in a 
platiimrrf crucible, since this avoids the formation of chromi- 
chromate otherwise observed (Rothang, A., 1914, ii, 73). J. K. 

Estimation of Nitroform by Potassium Permanganate. 

Phyllis Violet McKie (T., 1920. 117, 646—648). 

Reactions of Chloropicrin. Guillbmaed and Labat (BulL 
Soc, pharm., Bordeaux, 1919; from Ann. Chirn. an^.. 1920, [ii]. 
2, 120 — 121), — The odour of chloropicrin is destroyed by alkali 
polysulphide solution . When a drop of chloropicrin is boiled with 
alcoholic potassium hydroxide solution and a small quantity of 
thymol, a yellow coloration is obtained ; if the thymol is replaced 
by resorcinol, the coloration is red. The addition of sulphuric acid 
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totte alkaline thymol mixture produces a reddish-violet coloration, 
and the whole mixture, on dilution with acetic acid, exhibits 
an abso^tion band in the green portion of the spectrum! Chloro- 
form yields slightly different colorations under the above condi- 
tions, but a mixture of chloroform and a trac^ of sodium nitrite 
yields the same reactions as does chloropicrin. Both chloroform 
and chloropicrin yield a carbylamine. When chloropicrin is boiled 
with potassium hydroxide solution, the mixture, after coolinf^, 
yields reactions characteristic of nitrous acid. W. P. S. 


Estimation of Methyl Alcohol. S. B. Schryver and Cyril 
Christian Wood {^AnalyU, 1920, 45, 1G4— 170).— A method for 
the estimation of methyl alcohol in aqueous solution is described, 
the essential principle, of the method being the detcmiinatioii of 
the concentration of ammonium persulphate necessary to destroy 
completely the formaldehyde formed in the initial stages of the 
oxidation process under certain specified conditions of experiment. 
The formaldehyde is detected by the phenyl hydrazine hydrochloride 
and potassium ferricyanide test described previously by one of the 
authors (Schryver, A., 1910, ii, 335). By slight modification, the 
method may be used for the estimation of methyl alcohol in 
acetone. To estimate methyl alcohol in ethyl alcohol, the mixture 
of alcohols is oxidised partly by a relatively small amount of 
persulphate (the alcohols being in excess), and the formaldehyde 
formed is estimated colorimetricallv. [See, further. ,7. i^oc. (^hew. 
Ind,, 1920, June.] ‘ W. P. S, 


Use of Diastatic Reagents in Analytical Investigations. 
Differentiation between Gnaiacol and Creosote. Luciano 

P. J. Palet (Anal. Soc. Quim. Arrientma, 1917, 5, .305 — 307). — 
Creosote is known to have been used as a substitute for guaiacol 
in medicinal preparations. Thev may be differentiated by dis- 
solving the residue from the chloroform extract, of the sample in 
alcohol and adding a direct oxydase. In presence of guaiacol, a 
yellow coloration is obtained at once, which gradually turns 
orange. Creosote under the same conditions gives no colour; after 
more than half an hour, a slight violet tint develops. If a few 
drops of hydrogen peroxide are also added to the test, gnaiacol 
gives a more intense colour, whilst creosote furnishes a strong, 
reddish-violet coloration; indirect oxydases may be used when 
hydrogen peroxide is added. It is recommended to carrv out the 
reactions in dilute solution. 


The Systematic Detection of Acetates. L. J. Curtm.\n, D, A. 
Broggi, and V. Pourman { Chem .. News,\m,l^0.m).^To detect 
acetates in mixtures, the following procedure is recommended, The 
solution is acidified with 10% nitric acid and 5 c.c. in excess addea, 
followed by W/ 4 - 5 ilver nitrate until no further precipitate ^ is 
formed. After filtering, the clear liquid is made just alkaline 
with sodium hydroxide, and 10 c.c. each of 2A-barium chloride 
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and 2iV'-calcium chloride solutions added. The precipitate is 
filtered off, and the filtrate evaporated to 5 ac. aft«r addition of 
10 c.c. of 3% hydrogen peroxide. The crystals filtered^ off^rand 
the filtrate made just neutral to phenolphthalwn v?ith hydrochloric 
acid. One c.c. of J/S-ferric chloride solution is added, and the 
colour compared against that of 1 c.c. of the reagent' in 5 of 
water. Two mg. of acetic acid give a pale reddish-yellow colour. 
The odour of acetic acid is perceptible if 1 c.c. of a solutidh con- 
taining at least 2 mg. of the acid is boiled with 2 c.e. of 1:1 
sulphuric acid, but nitrates seriously interfere with the test. 

A. B. P. 

Estimation of the Total Non-amino-organic Acids in 
Urine. A. Desgrez and M. Polonowski (Compi. rend., 1920, 
170, 1008—1010). — One hundred c.c. of the urine are made alkaline 
with sodium carbonate and evaporated to dryness on a water-bath: 
The residue is mixed with pure sand moistened with a slight excess 
of phosphoric acid, and the whole is extracted with ether contain- 
ing 1% of alcohol in a Louise apparatus for ten hours. To the 
ethereal extract a known volume of A-sodium hydroxide is added, 
and the excess is titrated with A-sulphuric acid. 

To obtain some idea of the molecular weight of the non- amino - 
adds and to correct for any hydrochloric acid present, the ethereal 
extract is shaken several times with a solution 6f barium hydroxide. 
The insoluble barium salts are collected, washed, dried at 110°, 
weighed, ignited to barium carbonate, and weighed again. These 
two weighings give a means of calculating the average molecular 
weights of the barium salts insoluble in water. The filtrate from, 
the above precipitate is freed from excess of barium by carbon 
dioxide, and the solution is filtered, evaporated to dryness, and the 
residue weighed. By calcination, the organic barium salts are 
converted into carbonates, and the residue is again weighed. The 
carbonate is converted into chloride, and the total chloride is dried 
and weighed. The three weighings allow of a calculation of the 
amount of chloride mixed with the organic salts, the total weight 
of the latter, and their average molecular weight. W. G. 

A New Reaction of Acraldehyde. Lucas Tsalapatanis (Anal 
Soe. Quini. Anjevtina, 1917, 5, 244 — 245). — The liquid to be tested 
is heated with 1— 2 c.c. of an aqueous solution of resorcinol and 
a few drops of 10?4 sodium hydroxide solution. After two minutes, 
a bluish-green coloration appears in dilute, and a red one in con- 
centrated. solutions. The reaction is extremely sensitive. ‘ The 
colour, which is very stable, is destroyed by acids, but restored by 
sodium hydroxide. W. K. S. 

Microchemical Method for the Estimation of Sugar in 
Body Fluids. R. Goifpon and F. Nepveux (Compt. rend. Soc. 
Biol,, 1920, 83, 121; from J. Fharm. Chim., 1920, [vii], 21, 
357 — 359).— A portion of the fluid, after suitable clarification, is 
boiled with Fehling’s sohition, the cuprous oxide is collected. 
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washed, dissolved in a minimum quantity of hydrochloric acid, a 
few drops of potassium ferrocyanide solution and three drops of 
.saturuted' tartario.acid solution are added, and the coloration 
lobtaihed is compared with those shown by standards ])repared 
mndef similar conditions from known amounts of su^ar. 

t ^ W. P. 8. 

The lodometric Estimation of Sugars. Hiluv Mary Judd 
[Uiofhem. 1920, 14, 255 — 261). — Estimation of kcvulnse in 
fruit juices by the polarimetric method is untrustworthy. Various 
iodometric methods for the estimation of aldoses in the presence 
of ketoses have been tested, and iioue of them was found to give 
quantitative results. ' This is ascribed to the action of the dilute 
alkalis on the sugars. In using either the method of Colin and 
Lievin (A,, 1918, ii, 461), or that of Willstatter and Schudcl (A.. 
1918, ii, 337), a definite and constant weight of iodine always 
reacts with a given weight of dextrose. This weight of iodine is 
not affected by the changes in the amount of alkali present, or by 
the presence of other sugars. This is also true of lawulose. It is 
therefore possible to calculate the amount of dextrose and licvulose 
in a solution from the copper-reducing power and the. iodine figure. 
Each sugar has its own characteristic iodine value. Rhamnose 
behaves very abnormally. Sucrose is not oxidised, whilst lactose 
■ and maltose are both oxidised, the former requiring twice as much 
iodine aa the latter. . J. C. D. 

Estim.ation of Sugars by Inversion. Ik Hildt [Ann. Ghim. 
anul, 1920, [ii], 2, 103— 106).— A discussion regarding methods. for 
the inversion of sugars. Chemical catalysts possess advantages 
over enzymes, since they have a definite action under given con- 
ditions. Certain aromatic sulphonic acids (beiizenesiilphomc 
acid, etc.) are particularly useful for this purpose, especially iii 
the estimation of sugars in sweetened condensed milk. ^ ^ 


A Cryoscopic Method for the Estimation of Sucrose. 

Henry H. Dixon and T. G. Mason {Sci. Proc. Roy. Buhl Soc., 
1920 16 1—8).— The method consists in determining the freezing 
point of the solution before and after the inversion of the sucrose 
by invertase. The freezing point is determined by the thermo- 
electric method described by Dixon (compare .V 1911, n, 8od). in 
the case of plant sap, the tissues are frozen and the sap pressed out. 
The sap is boiled and filtered, and weighed quaiililies are in 

test-tuLs to -2^. The requisite amount (0'33 gram) of invertase 
L" and the freezing determined The - ^hen 

incubated at 28° for twenty-four hours and (-ee.mg point aga 
determined. The increase in the depression of rmnoval 

a measure of the sucro.ie originally present, A pre im^ ^ 

of gums, etc., from the sap is not necessary. If - ' ^ 

the probable error is O’OOie gram of sucrose, • • 
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Estimation of Amino-acids by means of the 
Electrode. E, L. Tague [J. Amer. Chem. ^ 5 ., 1920, 42, 
1 7 4 — 18 4 ) , — N eut ralisation cu r ves have been obtained for 
amino- addg, lysine dihydrochloride, glutamic acid, tyrosine, phenyl- 
alanine and glycine. The method consists in adding standard alkali 
hydroxide solution to a definite volume of an aqueous solution of 
the acid and measuring the hydrogen-ion concentration after each 
addition; this process is continued until the solution has a Pjj vsdne 
of 12*5. Then to an equal volume of water, proceeding in the 
same way, the same standard alkali is added until the same 
value is obtained, care being taken to add sufficient water to give 
the blank the same volume as that of the original solution, at the 
Pjj value. Subtracting the number of c.c, used in the blank from 
that required in the original titration gives the number of c.c. of 
standard alkali necessary to neutralise the amino-acid alone. In 
this way it is possible to obtain the neutralisation curves of the 
amino-acids alone, and the influence of the different groups may be 
seen. Certain inaccuracies in the formalin titration method are 
explained by this method. An hydroxyl-ion concentration of about 
2x 10"2 (Pjj = 12'5) will suppress the basic ionisation of the sodium 
salts of the amino- acids to a negligible extent, and thus make it 
possible to obtain a more exact quantitative estimation of the 
diamino- acids as well as of others containing strongly negative 
groups. J, F. S. 

Method of Graduating Ureometers of the Yvon Type. 

Ch. 0. Guillaumin {J. Pharm.. Ckim., 1920, [vii], 21,342 — 346). — 
The ureometer is supported vertically with the tap at the lower 
end, and is filled with water ; the open end is closed by a rubber 
stopper through which passes the end of a very narrow, graduated 
tube about 18 cm. long and having a capacity of 2 c.c. The ureo- 
meter is then turned so that the tap is at the top, the level of the 
water having been adjusted previously to the zero mark on the 
graduated tube, and small quantities of air are admitted succes- 
sively through the tap, the volumes of these quantities being given 
by the changes in level of the water in the graduated tube. 

W. P. S. 

Braunstein's Modification of the Mdrner-Sjdqvist 
Process for the Estimation of Urea. Alax Herepath Tot>d 
(Biochcm. 1920, 14. 252 — 254).~This modification (A., 1901, 
ii, 140) does not give a quantitative yield of urea nitrogen. Ignition 
of the filtrate for fourteen hours at 185^^ with 15 grams of 
crystalline phosphoric acid gives an accurate result. J. C. D. 

Estimation of Uric Acid by a Modification of Blarez 
and Tourrou’s Method. G. P^gurier {Ann. Chim. anal, 
1920, [ii], 2, 109 — 110), — Fifty c.c. of urine are treated with 5 c.c. 
of saturated sodium carbonate solution, and the mixture ia added 
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LDg’s solutiou decolorised previously by the 
P^ium hydrogen sulphite solution. The precipi- 
I cjollected on a filter, and washed with water* the 
scipitate ure then transferred to a beaker containing 
and 10 c.c. of dilute sulphuric acid (1 :1), and the 
is rtitxated with 0‘212% potassium permanganate solution. 
£.0. of the latter corresponds with OT gram of uric acid per 
nriae. \V. P. S. 


Action of the Arsenotungstic Reagent on certain 
APptloids and Glucosides, Luciano P. J. Palet [Anal. !6oc. 
Quim. Argentina, 1916, 4, 2o6~2o8).— The arsenotungstic reagent 
for phenolic groups proposed by Guglialmelli (A., 1916, ii, 584) has 
been applied to a large number of alkaloids and glucosides, and the 
result is tabulated in the original. W. E. S. 


Forensic Investigation of Aconitine. Its Resistance to 

Putrefaction, Luciano P. J. Palet [Ami 8‘oc. Argentina, 

1918, 6 , 480 — 487). — A rat was killed by subcutaneous injection 
of 0'002 gram of aconitine. The carcase was left to putrefy seven 
days in the air, ajid subsequently buried during two mouths in a 
metal box. The pulped viscera were treated with absolute alcohol, 
elightly acidified with 10% tartaric acid, and kept for fifteen 
minutes at 50°; the cooled liquid was filtered and distilled in a 
vacuum ; the residue was left overnight in contact with 250 c.c. of 
absolute alcohol, the liquid filtered, and distilled iu a vacuum. 
This treatment was repeated twice. The linal residue was dis- 
solved with 200 c.c. of water, which was distilled olf to remove 
alcohol, again dissolved in water, and filtered. This liquid was 
'extracted in a separator (1) with ether, (2) with ether alter 
previous addition of sodium hydrogen carbonate to feebly alkaline 
reactiO'D, and (3) with chloroform. The last extract was evapor- 
ated and the residue treated with 10% acetic acid. It gave positive 
reactions with. Mayer's and Monti s reagents, had the characteristic 
action on the tongue, and gave a violet coloration with a solution 
of 1 gram of sodium molybdate in 25 grams of phosphoric acid. 
Brouardel and Boutmy’s reaction for ptomaine was negative. The 
conclusions are: that aconitine is not destroyed by the natural 
blood ferments; that it resists putrefaction for two months; that 
weak acids and alkalis should be used for its extraction; that ds 
characterisation may be effected by the organoleptic test and the 
reaction with phosphoric acid and sodium molybdate; that 

lised aconitine does not give a violet coloration with officinal 
phosphoric acid, either hot or cold. • • 

Test for Strychnine. H. E. Buc {/. issoc. Of Agric. Chem., 

1919, 3, 193).— One gram of zinc amalgam and O'b c.c. of hydro- 
chloric acid are added to 0-5 c.c. of the strychnine salt solution; 
after fifteen minutes, the liquid is decanted and treated, drop by 
drop with 0‘02% potassium ferricyanido solution. A pink to rose^ 
^ed ’coloration is obtained- The zinc amalgam is prepared by 
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washing granulated zinc with hydrochlorij 
hour with 1% potassium antimonyl tartra’ 
ing mercuric chloride solution and a smaV 
acid; after thirty minutes, the zinc is 
washed, and dried. The test will del 
provided that interfering substances, 
other alkaloids and certain organic aubsl 



Use of Ethyl Acetate as a Precipitating Reagent for Proteins. 

A. Marie (^Ann. Inst. Pasteur, 1920, 34, 159 — 161). — Ethyl acefeate 
gives a marked precipitate with even dilute solutions of proteins, 
and a turbidity with peptones, proteoses, or albumoses, but solutions 
of amino-acids or vegetable or animal alkaloids show no apparent 
change in their physical state on its addition. W. G. 


Important Source of Error in Investigating Urines for 
Albumin by means of Sulphosalicylic Acid. Schall {Munch, 
med. ITocA., 1920, 67, 164 — 165; from Chem. Zentr., 1920, 
ii, 582^ — -583). It is found that sulphosalicylic acid gives a precipi* 
tate with urines rich in calcium which may easily be mistaken, for 
a positive albumin reaction. The distinction between precipitated 
calcium sulphate and albumin is most readily made if the urine is 
previously diluted with at least half its volume of water; under 
these conditions calcium sulphate is not precipitated, whilst the 
albumin reaction is but little affected. H, W. 


Estimation of the Fihrin, Globulin, and Albumin Nitrogen^ 
of Blood Plasma. Glenn E. Cullen and Donald D. Van 
Slyke (/. Biol. (Jke7n., 1920, 41, 587 — 597). — Fibrin is estimated 
by precipitation with calcium chloride under definite conditions 
from plasma containing O' 5% potassium oxalate. After thorough 
washing, the precipitate is submitted to the Kjeldahl process. 

Albumin is estimated in plasma by precipitating the globulin by 
half saturation with ammonium sulphate, quantitatively removing 
the excess of ammonia in the filtrate, and making a Kjeldahl esti- 
mation on the residue. Non-protein nitrogen is estimated after 
removal of the plasma proteins by trichloroacetic acid . The plasma 
proteins are, therefore, separately estimated as follows : Fibrin N, 
directly; gMbnlin N = total N - (filtrate N -i- fibrin N) ; albumin N = 
filtrate N — non-protein N. J. C. D. 

Crystallisation of Haematoporphyrin. Th. Lochte and 
E. Danziger {Vierteljahrsvhrijt ger. offentl. Sanitatswesen, 59, 
140 — 143; from Chem. Zentr., 1920, ii, 396 — 397).— The method 
described depends on Wills tatter’s process, and is effected in the 
following manner. The spot of blood is removed as completely as 
possible and covered in a small test-tube with about 0*5 c.c. of 
hydrobrornic-glacial acetic acid solution; the tube is corked and 
heated at 40 — 50° ft>r about fifteen minutes. After remaining for 
thirty-six to forty-eight hours at the ordinary temperature, water 
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! sodium hydroxide solution siiflicient to 
solution is faintly acidified with acetic 
to three times with ether. The ether is 
vly on a small watch-glass, the residue is 
of the glass with two or three drops of 
with three to five drops of concentratecl 
-glass is covered with a larger dish, 
solution is allowed to evaporate slowly ; crystals generally 
fonu within one or two days. ' ]{ 


Oolorimetric Estimation of Stercobilin. R. Goiffox 
(Oompt. rmd. Soc. Biol., 1920, 33 , 60; from 7. Phnrm. r/iim., 
1920 , [vii], 21 , 286 — 288). — Stercobilin, a reduction product of 
bilinibin, yields a red-coloured mercury compound which is soluble 
in. dilute ammonia. To estimate stercobilin in feces, 40 c.c. of a 
10 % faecal solution are heated for one hour at 50° with 5 c.a of 
saturated mercuric chloride solution ; the warm mixture is then 
treated with 2 c.c. of ammonia, diluted to 50 c.c., filtered, and 
the coloration of the filtrate compared with that of a standard. 
The latter may consist of a mixture of 100 c.c. of 10% cobalt 
chloride solution and 5 o.c. of potassium dichr ornate solution. The 
value 10 is suggested as a normal when the colorations of the 
test and standard solutions are of equal intensity. W. P. S. 


. CoUoid'Chemical Considerations regarding the Reductase 
Teat for Milk. Egon 'Eicn\y xld {Zeitsch. Nahr. Genuss7yi.,]^\^, 
38 , 359 — 361). — It ia pointed out that the colloids in milk may 
play a part in the methylene-blue teat for reductase in milk, and 
pteliminary experiments show that the finer the state of division 
of the colloids (proteins and fat), the slower is the rate at which 
the blue colour is destroyed. W. P. S. 

Reduced Eosiu and Potassium Persulphate. Le(»n 
Goldenbehg (4rta/. *Soc. Quim. Argentina, 1917, 5 , 264 — 266).-- 
A colourless solution of reduced eosin may be obtained 
almost instantly and in the cold by weighing 1 gram of eosin, dis- 
solving 2 grams of sodium hydroxide in 100 c.c. of water redistilled 
in glass, adding part of the eosin and 5 grams of chemically pure 
zinc dust, and shaking until decolorisation is complete. The remain- 
der of the eosin is then added in portions whilst shaking. The stock 
^^"^olution thus obtained may be kept for two to three weeks, after 
‘’which’the eosin acquires a yellow colour on r^eneratioii. For inv^ 
tigating oxydases, 0'5 c.c, of the above solution is made up to 
100 C.C. The incomplete decolorisation of eosin by commercial zinc 
dust and distilled water condensed in metallic receivers is due to 
the presence of copper, traces of which are sufficient to induce cata- 
lytic re oxidation of the reduced eosin. 

The oxidising action of oxydases may be measured by comparwon 
with a A/lOO-solution of potassium persulphatfe, 1 c.c^ ot whicfi 
furnishes 0 0001 6 gram of oxygen. The quantity of oxydase which 
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causes reduced eosin to absorb 0 00016 
at 37‘^ is called the ‘‘ oxydasogenous 
which, oxydases are determined are g< 
parison with the standard regenerated 
ated eosin obtained in the determination^^ 
hydrochloric add, collected on a double^ 
add, and redissolved on the filter in 
clear filtrate may now be matched against 


Quantitative Measurement of Lipase and ^ 

Pancreatic Juice. H. Mauban [Compt. rend, b'oc/ 

63, 130; from J. rharm. Chim., 1320, [vii], 21, 355— S®. ^ 

C.C. of O' 2% starch solution are placed in each of ten tub.eii|n 
the first is added 1 drop of pancreatic juice, to the second 
drops, and so oh. The tubes and their contents are he * 
for five minutes, O' 25 c.c, of T'ehling's solution is then 
each, and the mixtures are boiled for one minute, a 
of potassium ferrocyanide being added to prevent predpitatilil^O 
copper. In this way is found the quantity of ;^ancreati<|'^‘|^c 
necessary to produce sugar just sufficient to decolorise the meaat^ 
quantity of Fehling’s solution. Six or seven drops of nbmia 
pancreatic juice are usually required. W. S. 



Estimation of Soil Acidity and Alkalinity hy mespi o 
Indicators in the Field. Edgak T. VVherky {J. Waskirdh. 
Acad. 6'ci., 1920, 10, 217 — 223). — The method of estimatir^;^ 
acidity or alkalinity of a soil in terms of (A., 1919, i, 428)* ^ 
been adapted fo^use in field tests, and a table has been oonstiuijfe 
showing the reactions of the soil corresponding with the colpl 
changes of a series of indicators, each of which overlaps the i\M. 
in the scale. Passing from extreme acidity to extreme alkalinity 
these indicators and their corresponding values are: Bromo 
phenol-blue, dull green, 3'5; brownish-green, 4'0; violet, 4'5 
methyl-red, violet, 4'5; red, 5’0; orange, 5'5; yellow, 6’0; hron\^ 
cresolrpurple, yellow, 5'5; brownish-green, 6'0; violet, 6*6; purp^l 
7*0; hromothymoi-blue, yellow, 6'0; greenish-yellow, 6‘5; green, 7*6 
blue, 7*5; phenoWed, yellow, 6'5; orange-yellow, 7’0; orange, 7*5' 
red, 8'0; violet-red, 8'5; phenolphthalein, colourless, 8 0; pale pink 
8'5; deep pink, 9 0; violet-red, 9'5. A definite quantity of the ew 
is shaken with neutral salt-free water, and the clear extract teste* 
with successive indicators until one indicator shows an interniedLit 
colour or the extreme colorations of two successive indicators oy^^ 
lap, and the corresponding / ^ value is obtained from tbe table. B; 
treating standard solutions of known ionic concentration and com 
paring the colorations with those given by soil extracts with thi 
same indicators, specific acidities differing by a factor of ^^0 o 
1*59 (Pjj=0‘2) may be distinguished, but in practice values differ 
ing by a factor of y^lO or 3*16 (Pjj = 0*5) are sufficiently accurate 
since the reactions of the soil from different parts of the root of thi 
same plant may differ by a factor of 10 or more. C. A. M. 








